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CONVERSION FACTORS 


QuantIty To Convert from Metric Unit To Customary Unit 
Multiply Metnc 

Unit By 

To Convert to Metric 
Unit Multiply 

Customary Unit By 

Length mllhmetres (mm) 
 onches (in) 0.03937 25.4 
centimetres (em) for snow depth 
 inches (in) 0.3937 254 
metres 1m) 
 feet (It) 3.2808 0.3048 
kilometres (km) miles (mi) 0.62139 1.6093 

Area square millimetres (mm 2 ) square inches (in2) 0'(Xl155 645.16 
square metres (m 2

) square feet (It') 10.764 0.092903 
hectares (ha) acres (ae) 2.4710 0.40469 
square kilometres (km2) square miles (mi2) 0.3861 2.590 

Volume litres (L) gallons (gal) 0.26417 3.7854 
megalitres 
 million gallons (10' gall 026417 3.7854 
cubic metres (ml) 
 cubic feet (tt') 35.315 0.028317 
cubic metres (m]) 
 cubic yards (yd') 1.308 0.76455 
cubic dekametres (daml) 
 acre-feet (ac-It) 0.8107 1.2335 

Flow cubic metres per second (ml/s) cubic feet per second 35.315 0.028317 
(ft'/s) 

litres per minute (l/min) gallons per minute 0.26417 3.7854 
(gal/min) 

litres per day (Uday) gallons per day (gal/day) 0.26417 3.7854 
megalitres per day (MUday) million gallons 0.26417 3.7854 

per day (mgd) 

cubic deknmetres per day acre-feet per day (ae­ 0.8107 1.2335 
(dam'/day) It/day) 

Mass kilograms (kg) 
 pounds Ob) 2.2046 0.45359 
megagrams (Mg) 
 tons (short, 2,<XlO Ib) 1.1023 0.90718 

Velocity metres per second (m/s) feet per second (ft/s) 3.2808 0.3048 

Power kilowatts (kW) horsepower (hp) 1.3405 0.746 

Pressure kilopascals (kPa) pounds per square inch 0.14505 6.8948 
(psi) 


kilopascals (kPa) feet head of water 
 0.33456 2.989 

Specific Capacity litres per minute per metre 
 gallons per minute per 
 0.08052 12.419 
drawdown 
 foot drawdown 


Concentration milligrams per litre (mg/L) parts per million (ppm) 1.0 1.0 

Electrical Con­
 microsiemens per centimetre micromhos per centimetre 1.0 1.0 
ductivity 
 (uS/em) 

Temperature degrees Celsius (OC) degrees Fahrenheit (OF) 11.8 X °Cl+32 (OF-32)11.8 

• 

NOTE: customary and metric values are shown to the same 
degree of accuracy. 



Ground water pIa s an important role in Sonoma County. As the population of 
this North Bay c unty has increased over the last 30 years, the use of 
ground water has likewise increased. Currently, over 15,000 wells have been 
identified in th county. These wells are used for domestic and agricul­

'tural purposes i rural areas, and for municipal and industrial purposes in 
urban areas. 

The Sonoma Count Water Agency (SCWA) requested the California Department of 
Water Resources DWR) to undertake a cooperative study to estimate the 
volume of ground water in storage and the recharge potential in the Santa 
Rosa Plain, Peta uma Valley, Sonoma Valley, and Alexander Valley and 
Healdsburg area. The study examined alternative ways the ground water 
resources of the county may be used conjunctively with the Russian River and 
other surface wa er sources. 

The results of t e study are presented in four volumes. This report is 
Volume 4 and des ribes ground water conditions in the Sonoma Valley. 
Volume 2 deals w th the Santa Rosa Plain, Volume 3 with the Petaluma Valley, 
and Volume 5 wit the Alexander Valley and Healdsburg area. The present 
study is designe to augment the earlier county-wide investigation of 
geology and hydr logy conducted jointly by the Sonoma County Planning 
Department and D Results of the earlier investigation were published as 
DWR Bulletin 118 4, Volume 1 (Ford, 1975). 

This report on t e Sonoma Valley includes an evaluation of geologic and 
hydrologic chara teristics of the ground water basin, an evaluation of the 
volume of usable ground water in the basin and the volume that can 
reasonably be ex racted, possible changes in water quality resulting from 
pumping of groun water, an evaluation of the interconnection of ground and 
surface the potential for artificial recharge of the ground water 
basin• 

• Ro ie, Director 
Department of Wa er Resources 
The Resources Ag ncy 
State of Califor ia 
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Chapter 1. INTRODUCTION 


The Sonoma Valley (F gures 1 and 2), 
while not experienci g as rapid growth as 
some other areas in onoma County, has 
been affected by the general population 
incnease of the Nort Bay area. As the 
population has incre sed, so has the 
demand for water. G ound water, water 
stored underground i the spaces between 
grains of sand and g avel and in cracks 
in consolidated rock , plays an important 
role in meeting this demand. 

The City of Sonoma s grown 42 percent 
over the las t 10 yea s to 6,059. In the 
same period of time, Oakmont, a community 
northwest of Kenwood has doubled in 
size. Although thes communities and 
most others in the S noma Valley receive 
surface water from t e Russian River, 
many new homes are b ing sited in rural 
areas where a privat well is the only 
water source. In ad ition, six mutual 
water companies and ine small commercial 
and mobile home park systems that rely on 
ground water are sca tered throughout the 
Sonoma Valley. 

To offer some ideas n possible conjunc­
tive use of ground a d surface water, 
this study evaluates the hydrologic 
characteristics of t is rapidly growing 
area and the effects of increased use on 
the ground water res urce. 

The Sonoma Valley, n mbered 2- 2. 02 in 
California Departmen of Water Resources 
(DWR) Bulletin 118 ( alifornia Department 
of Water Resources, 975), is included in 
the present study ar a. The Kenwood 
Valley basin, number d 2-19 in the same 
report, is also incl ded in the present 
study area. Both va leys have been 
included with other reas in the County 
in the Sonoma County Basin (Peters, 
1980).* 

Location of Study Area 

The study area encompasses 41 700 hec­
tares (103,000 acres)** extending from 
Melita south to San Pablo Bay (Figure 2). 
The area extends west to the crest of the 
Sonoma Mountains, which separate the 
Petaluma and Sonoma Valleys; it extends 
east to the Sonoma/Napa County line. The 
"Bennett Mountain area" referred to in 
this report is the area extending from 
Melita east to the surface water divide 
northwest of Kenwood, and the 
southeastern half of Bennett Valley. The 
rest of the study area is referred to as 
the "Sonoma Valley area". Unless 
otherwise noted in the text, "Sonoma 
Valley" includes both the Sonoma Valley 
study area and the Bennett Mountain 
area. 

Method of Investigation 

To simplify compilation and evaluation of 
hydrologic data for computer analysis, 
the study area has been divided along 
township, range, and section lines to 
form 189 cells of 130 or 260 hectares 
(320 or 640 acres) each. All hydrologic 
parameters, such as ground water levels, 
have been evaluated using these cell 
divisions. 

Basic data available for the Sonoma 
Valley were compiled and evaluated in 
several different ways. Water well logs 
were used to develop geologic cross 
sections showing the subsurface geology. 
The well log information on types of 
materials encountered in each well was 
coded as input to the TRANSCAP computer 
program. This program averages the log 
information by cells to determine esti­
mates of the total ground water storage 

* A list of referenc 
**Conversion factors 

listed inside the 

s is presented following Chapter 8. 
for changing from metric to customary units 
ck cover. 

are 
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FIGURE 2 
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capacity for each cell. When combined 
with fall 1980 water level information, 
the total volume of ground water in 
storage and the total storage space 
available to receive recharge were 
determined, assuming that all ground 
water in the study area is unconfined. 

All available water quality data were 
tabulated and plotted on topographic 

,maps. This information was evaluated to 
determine regional water quality types 
as an indicator of aquifer continuity. 
Special water quality problems such as 
high sodium and saliniEy were evaluated 
to determine areal extent, source, and 
potential for migration of the affected 
water. 

Soil maps developed by the U. S. Depart­

ment of Agriculture Soil Conservation 

Service (Miller, 1972) were used to 

classify lands according to slope and 

soil infiltration rate. Those soils on 

slopes of less than 15 percent and with 

an infiltration rate greater than 

1.55 centimetres (0.6 inch) per hour have 
been tentatively classified as ground 
water recharge areas (after Muir and 
Johnson, 1979). 

Data from the investigation were insuffi­
cient to provide accurate estimates of 
the annual quantity of ground water 
recharge in the Sonoma Valley. Some 
suggestions for a data collection program 
to determine this rate are included in 
this report (see Chapter 8). 

FIGURE 3 
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WELL NUMBERING SYSTEM 


The water well numbering system used in 
this bulletin is based on the rectangular 
system of subdivision of public land. 
When Sonoma County was first settled, 
most valley lands became parts of 
25 land-grant ranchos. Lands outside of 
the land grants became public lands and 
were surveyed into townships of 93 squar~ 
kilometres (36 square miles) that were 
referenced to the Mount Diablo base and 
meridian. Each township was divided into 
36 sections of roughly 2-1/2 square 
kilometres (one square mile) each. 
Because land-grant areas do not have 
surveyed township, range, and section 
lines, these have been projected for the 
purpose of numbering water wells. 

A State well number has two basic parts: 
its township location and its section 
location. For example, Well 5N/6W-12F1 
is located in Township 5 North, Range 6 
West, and Section 12; this places the 
well immediately west of the City of 
Sonoma. Each section is subdivided into 
16 quarter-quarter sections of 16 hec­
tares (40 acres) each; each 16-hectare 
tract is identified by a letter. Letters 
A through R are used, with letters I and 
o omitted to avoid confusion with similar 
appearing numbers. This particular well 
is in Tract "F", which can also be 
described as the southeast quarter of the 
northwest quarter of Section 12 
(Figure 3). The final part of the well 
number is the sequential number of the 
well within that particular tract. 
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Chapter CONCLUSIONS AND RECOMMENDATIONS 


Major conclusions nd recommendations of 
this study are s arized below. 

o 	 In the Sonoma Va ley, alluvial fan 
deposits form th major quantifiable 
ground water-yie ding unit. These 
deposits form es 
aquifer. Some u 
Volcanics contai 
ground water but, 
highly variable 
teristics, the a 
in the volcanics 

o 	 Based on the com 
the total storag 
Valley ground wa 
872 000 cubic de 

entially a single 
its in the Sonoma 
large amounts of 
because of their 
ter-yielding charac­

ount of ground water 
cannot be quantified. 

uter program TRANSCAP, 
capacity of Sonoma 

er basins is 
metres (dam3) 

(708,000 acre-fe t (ac-ft». The 
thickness of the water-yielding mate­
rials ranges fro 0 to 240 metres (m)( 0 
to 780 feet (ft», with an average 
thickness of 80 (260 ft). The total 
volume of ground water .in storage as of 
fall 1980 was 6 000 dam3 
(559,000 ac-ft). This figure includes 
water of all qua ity types, including 
brackish water c used by· sea water 
intrusion, and i based on the assump­
tion that all gr und water is 
unconfined. 

o 	 Based on TRANSC , the volume of ground 
water in the So ma Valley affected by 
sea water intrusion is 108 000 dam3 
(87,000 ac-ft). This reduces the 
volume of usable ground water in stor­
age in the ~on Valley to 
581 000 dam (4 2,000 ac-ft). Intru­
sion affects s south of Schell­
vIlle, at or· r sea level; bay mud 
and alluvial deposits have been 
intruded. 

o 	 Based on TRANSCAP, the volume of stor­
age available to accept recharged sur­
face water as of fall 1980 was 
183 000 dam (149,000 ac-ft). This 
represents 21 percent of the total 
storage capacity. Because of topo­
graphic constraints, ground water 
reservoirs in the study' area rarely 
fill above 79 percent of storage capac­
ity. Since the reservoirs are there­
fore essentially "full" and since 
surface water is available to meet most 
domestic needs, an artificial recharge 
program to increase the volume of 
ground water in storage is not needed 
at this time. 

o 	 Using available water level data and 
available data concerning the hydraulic 
properties of the sediments in the 
ground water reservoir, the average 
annual recharge to alluvial fan 
deposits is estimated to be 
2 (20,000 ac-ft). This 
recharge generally takes place in and 
near streambeds that have been incised 
into alluvial fan deposits. Recharge 
also takes place in the Sonoma 
Volcanics; 

5 000 dam

3 

3 

d1.rect1.on and rate of 
movement of this recharged water are 
unknown. 

o 	 Hydrographs of wells monitored during 
the 1976-1977 drought indicate that 
more surface water could be stored 
underground if more storage space were 
made available by increased ground 
water use in certain areas. At pres­
ent, much water runs off the land sur­
face as rejected recharge.· 

o 	 Ground water quality in alluvial fan 
deposits is generally good in the 
Bennett Mountain area. In the Sonoma 
Valley basin, hardness, salinity and 
other quality problems increase in fan 
deposits to .the south. Available data 

5 
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indicate that ground water from Sonoma 
Volcanics in the Bennett Mountain area 
is of good quality. In the Sonoma 
Valley, the Sonoma Volcanics frequently 
contain highly mineralized thermal 
ground wa ter. 

Recommendations 

o 	 A program of stream gaging and perme­
dmeter testing of soils should be 
implemented to more accurately deter­
mine the recharge rate of the Sonoma 
Valley. Ground water level monitoring 
should be continued to· improve esti­
mates of total ground water in storage 
and available storage capacity, and to 
detect changes in patterns of ground 
water use. 

o 	 When the study area has been suffi­
ciently dewatered to make an artificial 
recharge program feasible, the site(s) 
selected should be in an area of favor­
able slope and soil permeability. When 
artificial recharge sites are selected, 
24-hour constant-rate pump tests should 
be conducted on site to determine aqui­
fer transmissivity. On-site drilling 
is necessary to determine detailed 
local subsurface geology. 

o 	 A program of ground water quality sam­
pling should be implemented near 
Schellville to monitor inland movement 
of sea water. If sea water is moving 

inland mitigating measures that could 
be implemented include: (1) further 
reduction in ground water pumpage near 
the intruded area; and (2) artificial 
recharge of ground water via injection 
wells near the intruded area, since 
geologic conditions make percolation 
ponds impractical. 

o 	 A program of ground water quality 
sampling should be implemented in the 
vicinity of well 5N/5W-18D2, near the 
City of Sonoma, which in the past con­
tained nitrate in excess of recommended 
limits. The sampling will help deter­
mine source and magnitude of the 
nitrate problem. 

o 	Ground water pumpage can probably be 
increased with few adverse effects in 
areas other than the southern Sonoma 
Valley. If pumping is increased in the 
northern Sonoma Valley, such as near 
Boyes Hot Springs, ground water quality 
should be carefully monitored for 
lateral migration of thermal connate 
water from the Sonoma Volcanics. In 
the southern Sonoma Valley, care should 
be taken to .avoid increased pumpage 
near tidal portions of Sonoma Creek, 
where surface water quality is poor, or 
near areas of known sea water intru­
sion. Ground water elevations in the 
study area should be measured biannual­
ly and examined periodically for large 
declines in the ground water table. 
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Chapte 3. OVERVIEW OF GROUND WATER 
GEOLOGY, HYDROLOGY, AND SOILS 

This chapter presen s a brief overview of 
the ground water ge logy, hydrology, and 
soils of the Sonoma Valley. A detailed 
description of thes subjects has been 
pu~lished in DWR Bu letin 118-4, Volume 1 
(Ford, 1975). 

Geology an Hydrology 

Geologic formations in the Sonoma Valley 
can be divided into water-yielding forma­
tions, nonwater-yie ding formations, and 
formations with hig ly variable water­
yielding properties (Figure 4). Water­
yielding formations are alluvium and 
alluvial fan deposi s. Water-yielding 
formations that gen rally produce only 
low yields of groun water are: bay mud 
deposits, the Glen lIen and Huichica 
Formations, and the Petaluma Formation. 
Yields from the Pet luma Formation are 
higher when a well ntercepts a lens of 
gravel. The only n nwater-yielding 
formation in the st dy area is the 
Franciscan complex. The Sonoma Volcanics 
has highly variable water-yielding prop­
erties; because of his variability, 
yields and the volu of ground water in 
storage cannot be q ntified. 

Geologic characteri tics of these units 
and their specific ields are summarized 
in Table 1. The ar al distribution of 
these units is sho on Plate 1. The 
subsurface distribu ion of these units 
has been determined along the cross­
section lines indic ted on Plate 1 and 
Figure 5A as A-A', -B', C-C', and D-D'. 
Profiles of the fou cross sections are 
shown on Figures 5B E. The following 
paragraphs briefly escribe the geologic 
units, beginning wi h the oldest rocks. 

In the following logic descriptions, 
well yields have n described as 
limited or low, mod rate, and high 
yields. "Limited" r "low" yield means 

yields generally range from 5 to 
380 litres per minute (L/min)(1 to 
100 gallons per minute (gal/min». With 
such yields, dry holes are common. 
"Moderate" yields generally range from 
380 to 1 100 L/min (100 to 300 gal/min). 
"High" yields generally exceed 
1 100 L/min (300 gal/min). The yield of 
a well is directly related to the speci­
fic yield of the formation it penetrates. 
For more information on well yields, see 
Ford (1975). 

Franciscan Complex 

The Franciscan complex is the oldest geo­
logic unit in the study area (Jurassic 
and Cretaceous age -- see Figure 6). It 
is exposed along the northeastern and 
southwestern edges of the study area (see 
Plate 1). The complex includes highly 
variable amounts of shale, sandstone, 
chert, greenstone, and serpentinite. The 
Franciscan complex generally contains 
only limited quantities of water in 
fractures. Normally, consolidated rocks 
containing water only in fractures are 
not considered to have a specific yield. 
However, for this report, the Franciscan 
complex has been assigned a very low 
apparent specific yield of less than 
3 percent. Because of the very low 
specific yield, areas composed of the 
Franciscan complex were not included in 
calculations of storage capacity in 
Chapter 4. 

Newly Formation 

Isolated exposures of marine sediments 
near the eastern boundary of the study 
area have been assigned to the Neroly 
Formation of Tertiary age by Weaver 
(1949). The marine sediments are com­
posed principally of medium grained tan 
sandstone containing casts of marine 
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pelecypods (Ford, 1975). No ground water 
quality or well yield data are available 
for this formation, but yields are 
assumed to be low because of the degree 
of consolidation of the sandstone. It 
has been assigned a low specific yield of 
from 3 to 7 percent. 

Petaluma Formation 

The Petaluma Formation, mid-to-Iate 
Pliocene in age, is exposed on the lower 
slopes of the hills that bound the Sonoma 
Valley on the west. The Petaluma Forma­
tion consists of folded continental and 
shallow marine to brackish-water deposits 
of clay, shale, and sandstone, with 
lesser amounts of conglomerate and nodu­
lar limestone. Occasional thick beds of 
diatomite are present. Abunda·nt clay 
characterizes this unit; Weaver (1949) 
measured a 323-m (1,059-ft) thick strati­
graphic section near Lakeville in the 
Petaluma Valley that contained 70 percent 
clay, shale, and clayey or shaley beds. 
Hydrogen sulfide has been found in wells 
penetrating the Petaluma Formation in the 
Santa Rosa Plain. The Petaluma Formation 
can yield moderate amounts of water when 
a well penetrates an appreciable thick­
ness of sand and gravel. However, 
because of the large amounts of clay that 
characterize the unit, it has been 
assigned a low overall specific yield of 
from 3 to 7 percent. 

Sonoma Volcan ics 

The Sonoma Volcanics, of Pliocene age, 
underlies the mountains surrounding the 
Sonoma Valley. Generally, the Sonoma 
Volcanics consists of a thick sequence of 
lava flows (labeled Tsv on Plate 1) with 
minor intrusive igneous rocks consisting 
of rhyolite, perlite, and rhyolite 
breccia. In some areas, lava flows are 
interlayered with tuff, welded tuff, and 
volcanic sedimentary deposits such as 
tuffaceous sand and volcanic gravel 
(labeled Tst on Plate 1). Large land­
slides have been mapped by FOX, et al 
(1973) in areas underlain by Sonoma 
Volcanics. 

The Sonoma Volcanics has a highly vari­
able specific yield. It is considered to 
be a good water producer where unwelded 
tuff, scoria, and volcanic sediments are 
present. In the Sonoma Valley, the lava 
flows and intrusive rocks contain water 
only in fractures and, therefore, are 
essentially nonwater-yielding except 
where the rocks have been highly frac­
tured. Normally, consolidated rocks 
containing water only in fractures are 
not considered to have a specific yield. 
However, for this report, the Sonoma 
Volcanics has been collectively assigned 
a variable apparent specific yield of 
from 0 to 15 percent. Because of the 
variable water-yielding characteristics, 
areas composed of Sonoma Volcanics were 
not included in calculations of storage 
capacity in Chapter 4. 

Glen Ellen Formation 

The Glen Ellen Formation, of Pliocene (1) 
and Pleistocene age, is exposed along the 
base of the hills that border the Sonoma 
Valley to the west. It is composed of 
partially cemented gravel, sand, silt, 
and clay, locally containing much inter­
bedded tuff. Obsidian pebbles are char­
acteristic of the Glen Ellen. Because of 
the cementation of the gravels, the 
amount of clay present, and the degree of 
consolidation of the formation, well 
yields are low and many wells are dry. 
Its specific yield is believed to be low, 
ranging from 3 to 7 percent. 

Included with the Glen Ellen on Plate 1 
is the Huichica Formation of Pleistocene 
age. Kunkel and Upson (1960) mapped the 
Huichica on the eastern side of the 
Sonoma Valley. It consists of reworked 
volcanic sediments and has a specific 
yield similar to the Glen Ellen 
Formation. 

Alluvial Fan Deposits and Alluvium 

Alluvial fan deposits of Pleistocene and 
Holocene age blanket the northern and 
central Sonoma Valley, extending as far 
south as Schellville. In the northern 
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FIGURE 4 

GUIDE TO GROUND WATER HYDROLOGY 

The science of nrou d water hvdroloov deals with the distribution and behavior of ground water -- how much water 
is contained in any gee log c material and how easily it can be extracted. The science of ground water ge0109~ deals with 
the effect of geology on t e distribution and movement of ground water -- how different geologlc materlals an geologjc 
structures determine the te and paths of movement of ground water. By knowing the geology of an area, the subsurface 
hydraul1c propertle,s of at area can be estimated. because ground water hydrology and ground water geology are closely 
related. 

Geologic formations can be divided into two groups: water-yielding and noowater-yielding. Water-yielding fonma­
tions, which usually consi t of unconsolidated deposits of sand and gravel, readily absorb, transmit, and yield large 

\ quantities of ground wate to wells. Nonwater-yieldiny formations, which usually consist of clay and consolidated rocks, 
yield only limited quanti ies of water to wells. Each geologic formation has specific hydraulic properties: porosity,
permeability. specific yi Id, and transmissivity. 

POROSITY AND PERMEABILITY 

Porosity is the ra io of the volume of the voids between the particles 1n a sample to. the total volume of the 
sample. 

volume of voids 
Porosity" total volume of sample (100) '" % 

Porosity is not nec ssarily indicative of permeability, which indicates the ease with which ground water moves 
through a material. If th openings between the partlcles are small or are not connected, the permeability of the 
material is low. For exa Ie, clay contains a large number of small voids, so its porosity may be as high as 50 percent. 
Because of the physical an chemical nature of clay. it transmits very little water and it has a very low permeability, 
about 1.07 X 10-4 metres ( .5 X 10- 4 feet) per day.* The porosity of sand and gravel is about 20 percent, much lower 
than the porosity of clay, but the voids in the sand and gravel are larger and are interconnected. Thus. most sands and 
gravels transmit water rea lly, having a permeability of about 1.07 X 102 metres (3.5 X 102 feet) per day. 

A penneable geologi unit is called an aguifer. A relatively impermeable geologic unit is called an aquiclude or 
an aQaitard because it re rds the flow of water; both are called confining beds because they block the movement of 
groun water. Confining b ds usually consist of clay or other fine-grained sediments. They contain ground water but 
have low permeability and annat transmit extractable quantities. Granite is an example of an a~uifuge because ground 
water cannot flow through 't; granite is neither porous nor permeable. Ground water does flow t rough joints in the 
granite. but that geologic complication is a result of structural complexities not related to porosity or permeability.
The porosity and permeability of fonmations composed of clay, sands, and gravels generally decrease through time as the 
formation becomes more can olidated. 

SPECIFIC YIelD 

Specific yield is L: ratio of the volume of water that will drain due to gravity from a saturated sample of 
material to the total vol "ot: of the sample. 

Specific Yield '" volume of water drained (100) '" ~ 
total volume of sample 

The higher the spec fic yield of a geologiC unit. the more water it will yield. Listed below are representative
specific yield values for ommon geologic materials. Geologic materials having a more uniform grain size distribution 
will have a greater speci ·c yield because of the g,'eater total amount of s~ace between particles. Consolidated rock and 
rocks such as basall and g anite are given specific yield values close to zero because water is contained only in 
fractures and not within t e rock. The volume of water stored in fractured rock is highly variable, depending on the 
size and extent of ~e fra tures. and cannot be easily quantified. 

1 Specific Yield 3 5 10 20 25 

Geologic Material Adobe 
Clay 

Shale 

Cemented Gravel 
Cemented Sand 

Clay and Gravel 
Silt 

Clay. Sand, &Gravel 
Fine Sand 
Quicksand 

Sand and Clay 

Coarse Sand 
loose Sand 
Medium Sand 

Gravel 
Sand and Gravel 

TRANSMISSIVITY 

Transmissivity is t e rate at which ground water will flow through a unit width of an aquifer, and is equal to the 
permea~ility of an aquifer multiplied by its thickness. The transmissivity of an aquifer or fonmation can generally be 
determlned only from water level data collected during extended pumping of a water well. During a constant-rate pump 
test. abrupt changes in th slope of the curve from which transmissivity ;s determined indicate either the presence of a 
barrier, which impedes gro nd water movement, or the presence of a source of ground water recharge. 

-"Metres per day" and "fee per day" are standard velocity units that indicate the amount of ground water that moves 
through a given cross-sec ional area in one day: 
a. I cubic metre of grou d water moves through 1 square metre in 1 day. The units are: 1 m3.1 m2 I day'" 1 m/day 
b. 1 cubic foot of groun water moves through 1 square foot in I day. The units are: 1 ft3 I ft2 I day: I ft/day 
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Table 1 

GEOLOGIC UNITS IN THE SONOMA VALLEY!! 

Geologic Unit Litho1 0gyfi Specific 
Yield Conrnents 

Bay Mud 
Deposits 

Qbm 

Mud, rich in organic 
matter, silty mud, 
silt, and fine sand. 

Very low 
«3%) 

Low yields. Generally~ 

contain brackish water, 
either connate or as 
the result of intrusion. 

Alluvium 
Qa1 

Alluvial Fan 
Deposits 

Qf 

Unconsolidated sand, 
silt, clay, and 
grave 1 . 

Unconsolidated fine 
sand, silt, and silty 
clay, coarse sand and 
gravel, with gravel 
more abundant near 
fan heads. 

Variable 
(3-15%) 

Moderate 
to high 
(8-17%) 

Moderate to high yields. 
Water quality is 
excellent. 

Glen Ellen 
Formation 

QTge 

Consolidated gravel, 
sand, silt, and clay; 
local interbedded tuff. 
Includes Huichjca 
Formation named by Weaver 
(1949) and consisting of 
conso1idatea reworked 
tuff, wea the red 
volcanic clay, silt, 
and similar materials. 

Low 
(3-7%) 

Yields variable, generally 
low. Water quality not 
as good as in overlying 
alluvium and alluvial 
fan deposits. 

Sonoma 
Volcanics 

Tsv 
Tst 

Volcanic flows (labeled Highly 
Tsv on Plate 1) and tuff, Variable 
agglomerate, and (0-15%) 
volcanic sediments (Tst). 

Variable yields, yields
from Tst generally higher. 
Boron in some water may 
affect plants. Some 
waters thermal. 

Petaluma 
Formation 

Tp 

Consolidated clay and 
shale with minor 
amounts of sandstone. 

Low 
(3-7%) 

Generally low yields. 
Yields may be higher for 
wells penetrating lenses 
of gravel. 

Nero1y (?) 
Formation 

Tn(?) 

Tan sandstone with casts 
of marine pelecypods, 
minor tuffaceous 
sandstone. 

Low 
(3-7%) 

Yields unknow~ assumed 
to be low. Water qual ity 
unknown. 

Franciscan 
Complex 

KJf 

Melange, including 
chert, sandstone, 
shale, greenstone, 
and serpentinite. 

Very low 
(<3%) 

Low yields. Poor 
quality water in 
thermal areas, 
serpentinite. 

1/ After Ford (1975, Table 1).

'Ii Data from Fox, et a1 (1973); Sims, et a1 (1973); Blake, et a1 (1974). 
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FIGURE 5A 
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FIGURE 58 
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FIGURE 5C 
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Geologic Section C-C', South of Glen Ellen 
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Isolated deposits of alluvium of Pleisto­
cene to Holocene age dot the Sonoma 
Mountains on the western side of the 
Sonoma Valley. The alluvium is composed 
of interbedded sand, silt, clay and 
gravel. The specific yield of these 
deposits is variable, depending on the 
amount of clay present and the thickness 
of the deposit. Most are less than 30 m 
(100 ft) thick, and specific yields range 
from 3 to 15 percent. 

Bay Mud Deposits 

Bay mud deposits of Holocene age cover 
the southern Sonoma Valley. They are 
bay and marsh deposits, generally com­
posed of mud, silty mud, silt, and small 
amounts of sand, and are rich in organic 
material. They have been covered in many 
areas by artificial fill. The bay mud 
was deposited during a higher stand of 
sea level, and much sea water was trapped 
in the sediments as they were deposited; 
bay mud is still being deposited on the 
floor of San Pablo Bay. Since little 
fresh water has moved through the bay 
muds since they were deposited, water 
pumped from them is generally brackish to 
highly saline. The bay muds have a low 
permeability and a very low specific 
yield of less than 3 percent. 

Folds and Faults 

Ground water reservoirs can be modified 
by folds and faults. Folds are upward 
and downward warps in geologic formations 
caused by regional geologic forces. 
Upward warps, called anticlines, can 
influence ground water by inducing flow 
away from the centerline or axis of the 
fold; downward warps, called synclines, 
can cause ground water to flow toward the 
fold axis. Folds are generally located 
by measuring the slope of beds of sand, 
clay, and gravel. When these beds are 
not well exposed, folds can be difficult 
to locate and verify. 

There are many small folds within the 
Petaluma Formation, Sonoma Volcanics, and 

Glen Ellen Formation. These folds occur 
mostly in the mountains that surround the 
Sonoma Valley; they do not directly 
affect the alluvial fan deposits, which 
contain most of the ground water in the 
Sonoma Valley. 

The only fold that has been mapped across 
the valley floor is the Kenwood-Sonoma 
Syncline (Cardwell, 1958), a large 
feature that may have been partly respon­
sible for the creation of the original 
Sonoma Valley. The syncline extends from 
Kenwood northwest along the long axis of 
the valley. Alluvial fan deposits along 
the axis of the syncline formed after the 
deformation took place and are not 
folded. Because of folding of the Glen 
Ellen Formation, ground water in the Glen 
Ellen moves toward the axis of the 
syncline (see Plate 1). 

Faults are fractures in the rock along 
which the rocks on either side have been 
moved. The fracture mayor may not 
intersect the earth's surface. Faults 
sometimes create zones of crushed and 
broken rock along the fault plane. This 
crushed material, known as gouge, con­
sists of clay-sized particles and can 
impede the movement of ground water 
across the fault, thus acting as a ground 
water barrier. Faults can also affect 
ground water movement by thinning water­
yielding sands and gravels on the 
upthrown side of the fault; higher 
topographic relief increases the rate of 
erosion. Water-yielding materials may be 
thicker on the downthrown side if 
sediments are being deposited during a 
period of continued downward movement of 
one side of the fault. 

Although there are many faults in the 
mountains surrounding the Sonoma Valley, 
no faults have been mapped in the allu­
vial fan deposits, which contain most of 
the ground water. Faults near Rodgers 
Creek and Glen Ellen cut through the 
Petaluma and Glen Ellen Formations. Many 
of these faults have been extended by 
investigators into the fan deposits as 
concealed faults. Although not apparent 
on the surface, some of these faults may 
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cut fan deposits bel w the land surface. 
Faults in the mounta ns may impede the 
flow of ground water that moves downslope" 
to recharge the allu ial fan deposits, 
but many of the rock in the mountainous 
areas are essentiall nonwater-yielding. 
Faults in brittle vo canic flows of the 
Sonoma Volcanics hav shattered the rocks 
to form zones of hig permeability. 

So [s 

Soil is a product of ma?y factors: 

o 	 The geologic forma ion that underlies 
it and from which t formed. 

o 	 The slope of the nd. 

o 	 Age of the soil. 

o 	 Climate, especiall the amount of 
rainfall. 

o 	 Organisms, especia ly native 
vegetation. 

Of these factors, logy is most impor­
tanto For example, oarser-textured 
soils form on the sa dy alluvial fan 
deposits and heavy c ay soils form on the 
fine-grained bay mud deposits. Slope 
generally affects t thickness of the 
soil profile, with icker, older soils 
forming on flatter s opes. Age of the 
soil and the amount f rainfall control 
the degree to which he soil profile 
develops into disti t layers or 
"horizons". Young s ils, especially in 
arid climates, have relatively little 
profile development. Organisms such as 
plants and bacteria dify soil charac­
teristics such as t amount of nitrogen 
and organic matter the soil. 

Soil characteristics in turn control the 
types of crops that can be grown in an 
area, the amount of surface water that 
infiltrates to the ground water body, and 
the effectiveness of septic-tank leach­
field sewage disposal systems. Agricul­
tural crops grow best on deep, permeable 
soils. Some nearly impermeable adobe 
soils are suitable only for pasture. 
Permeable soils are necessary for 
recharge of surface water to the ground 
water body. Soils that have neither a 
very high infiltration rate (faster than 
2 minutes per centimetre or 5 minutes per 
inch) nor low infiltration rate (slower 
than 25 minutes per centimetre or 
60 minutes per inch) are necessary for 
leach-field siting. 

In general in the Sonoma Valley, perme­
able soils have formed on some alluvial 
deposits (labeled Qf and Qal on Plate 1), 
on some sedimentary units in the Sonoma 
Volcanics (Tst), and on some portions of 
the Glen Ellen (QTge) and Petaluma (Tp) 
Formations. Poorly permeable soils have 
generally formed on bay mud deposits 
(Qbm) , on some units in the Sonoma 
Volcanics (Tsv), and on the Franciscan 
complex (KJf). 

In this report, areas considered to be 
natural or potential artificial recharge 
areas have a soil infiltration rate 
greater than 1.5 centimetres (0.6 inch) 
per hour and a land slope less than 
15 percent. These criteria were devel­
oped by the U. S. Geological Survey 
during recharge studies in the Santa Cruz 
area (Muir and Johnson, 1979). Approxi­
mately 14 percent of the study area has 
been tentatively classified as recharge 
areas. Locations of the recharge areas 
are discussed in Chapter 5. 
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hapter 4. GROUND WATER SUPPLY 
IN THE SONOMA VALLEY 

Ground water supp ies can be estimated 
once the geologic and hydrologic charac­
teristics of a ba in are understood. In 
the Sonoma Valley, the volume of ground 
water is controll d by the thickness of 
the water-yieldi alluvial fan deposits. 
The potential for sea water intrusion 
may govern the vo ume of fresh ground 
water that should in the 
southern Sonoma V 

The study area co 676 000 dam3 
(548,000 ac-ft) 0 ground water in water­
yielding material that average 80 m 
(260 ft) in thick es.s. Long term annual 
extractions from he basin should not 
exceed the averag annual recharge to the 
basin if permanen depletion of the 
ground water in s orage is to be avoided. 
Using the results of the computer program 
TRANSCAP and grou d water level data from 
1950 through 1980 the average annual 
recharge to the b sin was estimated to be 
25 000 dam3 (20,0 0 ac-ft). The 
estimated volume f ground water pumpage 
in the Sonoma Val ey in 1980 is 7 000 
dam3 (6,000 ac-ft (derived from 
Finlayson, 1980, able 13). If natural 
recharge rates co ld be determined more 
accurately, a sus ained yield figure 
could be calculat d; it would be a more 
accurate reflecti n of the ground water 
potential of the sin than the estimate 
of average annual recharge given in this 
report. 

Method f Investigation 

Using TRANSCAP 


In the Sonoma Val ey, the TRANSCAP 
(transmissivity a storage capacity) 
computer program as used to determine: 

o Total storage c pacity. 

.0 Volume of groun water in storage. 

o Volume of storage available to store 
recharge. 

o Estimated annual natural recharge. 

A detailed description of the TRANSCAP 
computer program is given in Miyazaki 
(1980). 

The initial step in using TRANSCAP to 
study a ground water basin is to divide 
the basin into "cells". In the Sonoma 
Valley, each cell is equivalent to a 
26D-hectare (64D-acre) section, or to 
that. portion of a section underlain by 
water-yielding materials. Study area and 
cell boundaries are shown in Figure 7. 
Where the surficial geology is composed 
mainly of the Franciscan complex, cells 
were not evaluated because this complex 
is nonwater-yielding. 

Where the surficial geology is composed 
mainly of Sonoma Volcanics, cells, or 
portions of cells, were not evaluated 
because volcanic rocks are highly vari­
able in their hydraulic properties. 

Water well drillers' reports are col­
lected for each cell to be evaluated. A 
sample well driller's report is shown in 
Figure 8. The right-hand column of the 
report lists the geologic materials 
encountered during drilling of the well. 
The materials encountered in each well 
are coded into the computer according to 
specific yield. This specific yield 
information is the basic data used by the 
TRANSCAP program. 

The TRANSCAP program adjusts all wells 
within a cell to the average elevation of 
the land surface in that cell. The pro­
gram then averages all specific yield 
data from all wells in a cell for speci­
fied depth intervals, generally 3 m 
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(10 ft). The avera ed specific yield data 
are converted to tr nsmissivities using 
equations of a curv developed by the DWR 
investigation of th Livermore and Sunol 
Valleys (Ford and H lls, 1974). For 
specific yield valu s from 3 to 9, the 
curve is described y the equation: 

319 - 7.16288 ]

I SY Fo.84 


(:,T = (:'D • 10 
, 

and for specific yi ld values greater than 
9, the curve is des ribed by the equation: 

(:'T = (:,0 • (l a I SY ~500) 

where (:,T = increm ntal transmissivity, 
M= increm ntal depth, and

I SY I = 	absolu e value for average 
specif c yield for a given 
interv 1. 

When no drillers' 1 gs were available for a 
cell, transmissivit and storage capacity 
values from another cell with similar 
geology were used. 

A sample TRANS CAP p intout in customary 
units is shown in F gure 9. The variables 
listed in the upper left-hand corner of the 
table describe the alues used to set up 
TRANSCAP for this c 11. Increment of Depth 
= 10 indicates that specific yields were 
averaged over la-ft (3-m) intervals. 

Node Elevation Cont 01 is the average 
elevation of the la d surface within the 
cell. 	 Node Surface Area is the surface 
area, in acres, of he cell. Note that 
the center point in a cell is called the 
"node" • 

The figure describe hydrologic proper­
ties by intervals: either as "Depth" 
below land surface, or "Elevation" rela­
tive to sea level. For example, for the 
interval from 10 to 20 ft (3 to 6 m) 
above sea level or a to 90 ft.(24 to 
27 m) below land suface, the "average 
specific yield" is 0.30 percent, the 
"unit width transmi sivity" is 5,300 
gallons/day (20 000 litres/day) and the 

"storage capacity" is 673 ac-ft 
(830 dam3). These computer-generated 
numbers are rounded to one or two 
significant figures before use, to avoid 
giving an erroneous impression of 
precision. 

To determine the storage capacity of any 
cell, the bottom of the water-yielding 
zone must first be determined. The graph 
in Figure 9 entitled "unit width summa­
tion of transmissivity plot" shows a pro­
file of the transmissivity in the sample 
cell. Points on the graph represent unit 
width transmissivity values that have 
been summed starting at the lowest eleva­
tion evaluated for the cell. Summed unit 
width transmissivity values are listed in 
the right-hand column labeled "TR VALUE" 
opposite from the corresponding eleva­
tion. The numbers across the top of the 
graph are summed unit width transmissivi­
ties in thousands of gallons per day. 

The point at the lowest elevation on the 
graph represents O. As elevation 
increases, the points on the graph move 
from left to right, and the heading is 
read from left to right, lowest line 
first (0 to 500). when the summed trans­
missivities exceed 500 thousand gallons 
per day, the graph doubles back, and the 
headings are read from right to left 
(500 to 1,000). When the summed trans­
missivities exceed 1,000 thousand gallons 
per day, the graph again doubles back 
and the headings are read from left to 
right (1,000 to 1,500). The more 
horizontal the line on the graph, the 
more permeable the water-yielding zone. 
The more vertical the line, the more that 
zone functions as a confining bed. The 
bottom of the water-yielding zone is 
determined from the TRANSCAP graph and is 
verified by comparison with geologic maps 
and cross sections. The top of the 
water-yielding zone is generally assumed 
to be the land surface. The net storage 
capacity of the water-yielding zone is 
calculated by subtracting the "storage 
capacity to bottom" figure at the bottom 
of the water-yielding zone from the 
corresponding figure at the top.of the 
water-yielding zone. 
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The program TRANS AP calculates storage 
capacities to the bottom of the deepest 
well in each cell. No storage capacity 
information is av ilable for that portion 
of an aquifer bel w the bottom of the 
deepest well. Fo cells where the 
aquifer extends low the well data, the 
storage capacity rom TRANS CAP is a 
minimum value; th true storage capacity 
would be higher. 

In the Sonoma Val ey, the thickness of 
the water-yieldi materials ranges from 
o to 240 m (0 to 80 ft), with an average 
thickness of 80 m (260 ft). Some of the 
thickest sections are near the City of 
Sonoma. 

To determine the olume of water in 
storage, the aver ge ground water level 
for the cell is d termined from a ground 
water level map. The volume of water in 
storage is determ ned by subtracting the 
"storage capacity to bottom" figure at 
the bottom of the water-yielding zone 
from the correspo ding figure at the 
ground water tabl elevation. This 
method assumes th t all ground water in 
the cell is uncon ined. If, however, 
ground water is c nfined, the volume of 
ground water in s orage estimated by this 
method will be to large. The more 
confined the grou d water, the larger the 
error will be. 

Water level info ation for fall 1980 
(Figure 10) was c mbined with the product 
of TRANSCAP to de ermine the storage 
capacity, the tot 1 volume of water in 
storage, the avai able ground water stor­
age capacity,and the amount of fresh 
water displaced b sea water in the 
Sonoma Valley. A ailable storage capac­
ity indicates the capability of the cell 
to store addition 1 ground water from 
natural or artifi ial recharge. Avail­
able storage capa ity (estimated for, 
cells where no dr llers' logs were avail­
able) is given in Figure 7. The volume 
of ground water i storage per cell is 
given in Figure 1 

Total Water in Storage 

The total volume of water in storage and 
the available ground water storage capac­
ity are given in Table 2. There were not 
enough ground water level data available 
before fall 1980 to construct ground 
water level maps, but hydrographs of 
wells that have been monitored in the 
past were examined for trends. 

Ground water levels in the Sonoma Valley 
have generally remained constant over the 
period of record. One shallow well in 
the vicinity of the City of Sonoma did 
recover 4.5 m (15 ft) to its historic 
normal level after surface water deliver­
ies from the SCWA began in 1965. Ground 
water levels have remained relatively 
steady since that time except during the 
drought of 1976-1977. 

Ground water levels in monitored wells 
in the Sonoma Valley normally drop 
3 m (10 ft) between the spring water 
level (highest of the year) and the fall 
water level (lowest of the year). During 
the 1976-1977 drought, ground water 
levels dropped an average of 2 m (7 ft) 
below the normal fall low, but in most 
areas, water levels had returned to 
normal by spring 1978. In general, 
therefore, the hydrographs indicate that 
the volume of ground water stored in the 
Sonoma Valley has not changed much over 
time. 

Volume of Ground Water Affected· 
by Sea Water Intrusion 

Sea water intrusion generally affects the 
southern Sonoma Valley south of High­
way 121. The bay mud deposits in this 
southern part of the valley (Plate 1) 
generally contain brackish water that was 
trapped between the 'clay particles when 
the material was deposited. Some allu­
vial fan deposits in the same area pro­
duce brackish water as a result of inland 
movement of sea water in response to 
ground water pumping. 
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Table 2 

GROUND WATER SUPPLY IN THE SONOMA VALLEY 


otal Storage Capacity 
vailable Storage Capacity 
otal Volume of Ground Water in Storage 
(based on fall 1980 ground water 
levels) 

olume of Ground Water Seriously Affected 
by Sea Water Intrusion 

872 000 dam~ (708,000 ac-ft)*
183 000 dam (149,000 ac-ft)

689 000 dam3 (559,000 ac-ft)

108 000 dam3 ( 87,000 ac-ft)

olume of Usable Ground Water in Storage 
stimated Annual Natural Recharge 
ercentage of Total Storage Capacity 
Dewatered 

581 000 dam~ (472,000 ac-ft)
25 000 dam (20,000 ac-ft) 

21% 

T
A
T

V

V
E
P

*Because both metric and customary figures have been rounded to the nearest 
thousand, multiplying metric figures by 0.81070 will not give the customary 
fi gures. 

ESTIMATED ANNUAL RtCHARGE 
(25,000 dam3) 

I 
DEWATERED AVAILABLE STORAGE CAPACITY 3 

(MOSTLY IN UPLANDS) (183 000 dam) 

TOTALTOTAL STORAGE GROUNDWATER
CAPACITY, IN STORAGE 

SONOMA VALLEY ~ USABLE GROUNDWATER (581 000 dam3) (FALL 1980)
G.W. BASIN 

(689 000 dam3
(872.000 dam3) )
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The bay mud and a luvial fan deposits are tional storage space for the recharge of 
generally affecte only to shallow depths surface water during wet years. 
of 30 m (100 ft). At present, the total 
volume of ground ater lost in this The hydrologic balance of a ground water 
interval because f intrusion is basin can be described by the hydrologic 
108 000 dam3 (87, 00 ac-ft). No equation: 
attempt was made o calculate the volume 
of unpotable conn te water in other Inflow-Outflow = Change in Storage 
geologic formatio in the Sonoma 
Valley. The "inflow" term in this equation is the 

volume of water returned to the basin and 
In general, avail ble data do not indi­ the "outflow" term is the volume of water 
cate any apprecia Ie change in the volume removed from the basin. The "change in 
of ground water a fected by sea water storage" term represents the change in 
intrusion since 1 60 (Kunkel and Upson; the volume of ground water in storage 
see Figure 11). ne 4G-m (13G-ft) well which, if greater than zero, is the 
near Schellville 5N/5W-28Nl) has shown volume of recharge for that period. 
a slow, progressi e deterioration in 
water quality sin e first sampled in To determine the natural recharge rate, 
1951. From 1951 0 1978, chloride ion and 	 therefore the sustained yield of the 
concentration inc eased from 85 to basin, certain data are required that 
375 mg/L; electri al conductivity (EC) have not been collected in the Sonoma 
increased from 45 to 1 420 microsiemens Valley: 
per centimetre (~S/cm). This indicates 
that sea water i trusion in the southern 1. 	 The volume of water returned to the 
Sonoma Valley is a continuing problem; ground water basin, which includes: 
the volume of af cted ground water will 
probably slowly . crease in the future. o 	 Volume of irrigation water that 
Periodic ground ater quality sampling percolates to the ground water body 
over a long peri d of time is needed near (deep percolation). 
the affected are to determine when 
mitigating measu es are needed. o Volume 	 of streamflow and precipita­

tion that percolates to the ground 
water body• 

. Furth r Limits on 
Volume of sable Ground Water o 	 Measured soil permeabilities. 

After removing t e volume of ·ground water 2. 	 The volume of water removed from the 
degraded by sea ater from the total ground water basin, which includes: 
volume of ground water in storage in the 
Sonoma Valley, t ere remains o 	 Volume of ground water pumpage. 
5 81 000 dam3 (47 ,000 ac-ft) of usable 
ground water in torage as of fall 1980. o 	 Volume of surface and subsurface 

water flowing out of the basin. 
Experience has s own that not all this 
water can" be ext acted. Sustained yield o 	 Volume of water used by vegetation 
is the volume of water in storage that (evapotranspiration). 
can be extracted annually without causing 
adverse effects n the ground water This type of detailed balance was not 
basin. Sustaine yield generally equals attempted during this study because of 
average annual r charge to the basin, but the 	lack of data. 
can be increased over a short period of 
time to temporar ly remove an additional A rough estimate of the volume of annual 
volume of water eyond seasonal fluctua­ recharge to the Sonoma Valley· basin has 
tions. This dew tering creates addi­
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been made using the computer program 
TRANSCAP. The Sonoma Valley was divided 
in two, with cells 1-142 included in the 
northern portion and cells 143-169 
included in the southern portion 
(Figure 7). The recharge estimate was 
made for the northern portion because sea 
water intrusion limits the use of ground 
water contained in shallow aquifers in 
the southern portion. These shallow 
aquifers would normally provide storage 
for recharged water. 

Hydrographs of wells in the northern 
portion of the Sonoma Valley generally 
show an annual fluctuation of 3 m (10 ft) 
between spring and fall ground water 
level measurements. Based on TRANSCAP, 
this fluctuation represents a total 
volume of 25 000 dam3 (20,000 ac-ft) of 
ground water that is withdrawn and natu­
rally recharged every year. Note that 
this value of recharge was calculated 
assuming that the ground water levels 
fluctuated a uniform 3 m (10 ft) in all 
cells in the northern Sonoma Valley.; some 
wells south of the City of Sonoma are 
known to have annual fluctuations of less 
than 3 m (10 ft). 

This calculation also assumes that all 
ground water in the Sonoma Valley is 
unconfined; some areas in the Sonoma 
Valley are known to have semiconfined to 
confined ground water. The portion of 
all ground water in the study area which 
is semiconfined to confined is not known. 
Confinement would reduce the volume of 
recharge determined from the 3-m fluctua­
tion; the amount of reduction is not 
known. In determining the area.to be 
included in the recharge calculation, 

some cells known to contain small amounts 
of fresh ground water were not included 
in the northern portion, and a few 
containing brackish water were included. 

Hydrographs indicate that during the 
1976-1977 drought, ground water levels 
were lowered an average of 2 m (7 ft) 
below the normal low fall level. By 
spring 1978, most ground water levels 
returned to normal high spring levels. 
This 5-m (17-ft) change in ground water 
levels at the end of the 1976-1977 
drought re~resents a total volume of 
40 000 dam (30,000 ac-ft) of recharge 
if all ground water is unconfined. 
Therefore, the 25 000 dam3 
(20,000 ac-ft) represents an approximate 
average volume of annual recharge in the 
northern Sonoma Valley. The 
40 000 dam3 (30,000 ac-ft) of recharge 
after a time of unusually low ground 
water levels indicates that this area is 
capable of higher annual recharge if 
there were space in the aquifers to store 
it. Under present conditions, it appears 
that natural recharge exceeds the storage 
capacity; the surplus runs off as 
"rejected recharge". 

The northern Sonoma Valley appears to be 
capable of recharge that under normal 
conditions would fill the available 
storage capacity estimated from TRANSCAP. 
There may, therefore, be a topographic 
limit to the volume of natural recharge 
that can be stored before "leakage" 
begins. If more than a certain volume of 
water is recharged, that extra stored 
water begins to leak out in creekS and 
roadcuts, and as springs. 
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Ch pter 5. GROUND WATER MOVEMENT 
IN THE SONOMA VALLEY 

The effect of incre sed ground water 
extraction on the S noma Valley depends 
on the degree to wh ch aquifers are 
connected, includin the presence or 
absence of barriers to ground water 
movement. Aquifer ontinuity controls 
the movement of poo quality ground water 
from one area to an ther and the extent 
to which sea water an move into fresh­
water aquifers. Aq ifer continuity con­
troIs the degree of interaction between 
ground water and fr sh surface water and 
it influences the m vement of naturally 
and artificially harged water from a 
recharge site to an area of ground water 
extraction. 

Aquifer ontinuity 

The degree r continuity is con­
trolled by rs: the areal extent 
of each single aqui er or group of inter­
connected aquifers, and the influence of 
faults on ground wa er. The areal extent 
of an aquifer or aq ifers can be evalu­
ated by examining t e surficial and sub­
surface geology, re iewing ground water 
quality data to loc te similar quality 
types, and comparin hydrographs for 
wells of different epths or in different 
locations. Faults n influence ground 
water by reducing 0 increasing 
transmissivity acro s the fault plane; 
the influence of fa Its on ground water 
movement can be det rmined from 
constant-rate pump ests of water wells 
and from ground wat r level maps. 

Many geologic units in Sonoma Valley con­
tain discontinuous enses of water­
yielding sands and ravels, while ~ther 
units consist of no water-yielding mate­
rial. These charac eristics result in a 
number of isolated round water bodies, 
each having a uniq quality. 
These same characte also reduce 
the potential for v and horizontal 

• 

movement of ground water. Ground water 
movement can be analyzed for local areas 
in the Sonoma Valley. but because of the 
number of isolated water bodies, some of 
which may be semiconfined, basinwide pre­
dictions of ground water behavior made 
with existing data are of questionable 
value. 

To determine the areal extent of the 
various aquifers in the Sonoma Valley, 
standard mineral analyses of ground water 
were evaluated. Standard mineral analy­
ses include the concentrations of the 
cations calcium (Ca++), magnesium 
(Mg++) , sodium (Na+), and potassium 
(~), and the anions bicarbonate 
(HC03-), carbonate (C03=)' 
sulfate (S04=)' and chloride 
(C1-). 

In this report, water types are 
described by listing cations first, in 
order of abundance in milliequivalents 
per litre, followed by anions, in order 
of abundance. A single cation or anion 
is used to describe a water type if that 
ion constitutes over 50 percent of the 
total cations or anions. in solution. 
Closely spaced wells with similar water 
quality types were assumed to tap the 
same aquifer. Conversely, it was assumed 
that aquifer separation exists to the 
degree that water quality types vary when 
taken from wells with perforations at the 
same elevation at different locations, or 
different elevations at the same 
location. 

Ideally, ground water quality data col­
lected entirely within a single year 
should be used to'evaluate regional water 
quality because the chemical composition 
of ground water can change slowly over 
time. Water quality data for the Sonoma 
Valley are sparse and were collected spo­
radically over 30 years. In some cases, 
several analyses have been collected for 
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the same well. In determining regional 
ground water quality patterns, the most 
recent data have been given the most 
weight. 

Wells pumping from the same aquifer, even 
if at different elevations or in differ­
ent locations, usually will have similar 
water level fluctuations shown on well 
hydrographs. The few long-term 
hydrographs available in the Sonoma 
Valley were examined for such similari­
ties (see below). 

Aquifer continuity is descriped by geo­
logic units because each unit has dis­
tinct properties controlling the occur­
rence of ground water (see Plate 1 and 
Figures SA-E). 

Bay Mud Deposits 

The few water-yielding zones in the bay 
mud deposits generally lack vertical and 
horizontal connection. Water in the bay 
mud deposits is generally brackish and of 
poor quality, varying from sodium chlo­
ride to magnesium sodium chloride in 
character. Bicarbonate ion is present in 
water from many wells, and increases with 
depth. All the water is highly 

mineralized. 


Near the edge of the sea water intrusion 
front, ground water in bay muds is often 
highly mineralized, but lacks chloride 
ion; sodium bicarbonate water is found in 
cells 133 (5N/5W-20Rl), 137 (5N/6W-25Pl), 
and 140 (5N/5W-28Rl) (Figure 7). This 
water quality type may represent an ini­
tial stage of intrusion. 

The great variation in water quality 
types indicates a lack of any significant 
aquifer continuity within the bay muds. 
No hydrographs are available for the few 
shallow wells that pump from bay mud 
deposits, so no evaluation of the aquifer 
continuity between bay muds and alluvial 
fan deposits can be made. Although the 
amount of aquifer continuity is assumed 
to be small, under heavy pumping in fan 

deposits, some brackish water may be 
drawn from bay mud deposits into the 
alluvial fans. 

Alluvial Fan Deposits and Alluvium 

Alluvial fan deposits are present in 
three areas within the study area, and 
the geologic and hydrologic properties 
of the deposits vary slightly from place 
to place. 

In the Bennett Mountain area, the allu­
vial fan deposits form essentially one 
aquifer. Wells pumping from these 
deposits all have similar water quality 
-- varying amounts of calcium, magnesium, 
and sodium in combination with bicarb­
onate. Water from wells that pump from 
both the fan deposits and the Sonoma 
Volcanics has a similar quality. This 
may indicate continuity between aquifers 
in these different -geologic units. 

In the vicinity of Glen Ellen and near 
the City of Sonoma, the alluvial -fan 
deposits form essentially one aquifer. 
Ground water quality is similar to that 
in the Bennett Mountain area, but con­
tains more calcium and magnesium and less 
sodium. Sodium concentration increases 
with depth, while calcium and magnesium 
concentrations decrease. 

Shallow (less than 60 m or 200 ft in 
depth) and deep (greater than 60 m or 
200 ft in depth) wells generally have 
similar fluctuations. Deep wells usually 
have a larger annual fluctuation in water 
level than do shallow wells. Near the 
City of Sonoma, a 21-m (7a-ft) deep well 
(cell 127, 5N/5W-17Cl) has an annual 
fluctuation of 1.5 m (5 ft) and a 75-m 
(245-ft) deep well (cell 120, SN/SW-8P2) 
has an annual fluctuation of about 6 ill 

(20 ft). A third 41-m (133-ft) deep well 
(cell 126, 5N/5W-18Rl) has an annual 
fluctuation of about 3 m (10 ft), inter­
mediate in magnitude between the other 
two. Two wells, both about 52 m (170 ft) 
deep (cells 131 and 100, wells 5N/6W-2N2 
and -24Ml), have similar depths to the 
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ground water table and similar magnitudes Petaluma Formation 
of fluctuation, in icating a common 
aquifer. The Petaluma Formation has variable water 

quality and degrees of aquifer contin­
In the vicinity of Schellville, aquifer uity. Since the Petaluma is a marine 
continuity within the alluvial fan formation, it frequently contains brack­
deposits 	is not as great as in other por­ ish connate water that is highly mineral­
tions of the study area. Since alluvial ized. In the Sonoma Valley, water 
fan deposits are fOner grained at the quality or water level data are not 
southern end of th Sonoma Valley, aqui­ available for wells that pump water from 
fers tend to e discontinuous in the Petaluma Formation. Data from well 
this area. Water rom wells south of drillers' reports indicate that the 
the City 	of Sonoma generally varies more Petaluma 	Formation contains only a few t 
in quality than is common in other areas. discontinuous aquifers. In the Petaluma 
Some wells near So ama Creek, such as one Valley, the Petaluma Formation generally 
in cell 145 (5N/5W 31Bl), have been contains bicarbonate ground water with 
intruded by er. Similarities in varying percentages of calcium, mag­
hydrographs lIs in this area may nesium, and sodium. 
result from luence of San Pablo 
Bay tides. 

Other Geologic Units 
A ground water ation map of the study 
area was drawn d on fall 1980 water Because of the variable geology of the 
levels in shallow ells pumping from Sonoma Volcanics, it was not possible to 
alluvial fan depos ts (Figure 10). Water determine the extent of aquifer contin­
levels in wells pu ping from both allu­ uity within its permeable units. In the 
vial fan deposits nd underlying mate­ Bennett Mountain area, chlorides concen­
rials were not use , because these levels trations 	are low or absent in water from 
are generally lowe and more variable the Sonoma Volcanics; in the Sonoma 
than levels in weI s drawing only from Valley study area, water from the Sonoma 
fan deposits. Volcanics usually contains higher 

concentrations of chlorides. Chloride 
concentration ranges from 4.5 milligrams 

Glen Ellen Formation per litre (mg/L)(7N/7W-15Cl) up to 
392 mg/L in thermal water from a well 

In the Sonoma Vall y, only limited water drilled for the Boyes Hot Springs 
quality or water 1 vel data are available Bathhouse (5N/6W-2A2). Most wells have 
for wells pumping ater from the Glen chloride concentrations under 100 mg/L. 
Ellen Formation. n general, aquifers in The absence and presence of chlorides may 
the Glen Ellen Fo ation are more discon­ indicate a lack of aquifer continuity 
tinuous than aquif rs in alluvial fan between permeable units in the Sonoma 
deposits, because he Glen Ellen is more Volcanics in these two areas. Ground 
clay-rich and cons lidated. water in the Sonoma Volcanics is 

frequently confined or semiconfined. 
North of 	Glen Elle (cell 70), three Most ground water is of good quality 
wells about 60 m ( 00 ft) deep contain except where thermal. 
chloride 	ion. In he Sonoma Valley, 
chloride 	is normal y only found where The Franciscan complex in the study area 
units have been in ruded by sea water, or contains water only in fractures; the 
in wells that prod ce water from the extent of aquifer continuity depends on 
Sonoma Volcanics. The source of the the extent those fractures are connected. 
chloride near Glen Ellen is unknown but The extent of fracture interconnection 
chloride concentra ion increases to the was not determined. No information is 
south. available for aquifers in the Neroly 

Formation. 

,. 	
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able in the underlying aquifer, surface 

water will run off the most favorable 

rec.harge site as "rejec.ted rec.harge". 
Figure 7 shows areas of favorable slope 

and soils within the study area and 

estimates of available storage as of fall 
1980 in aquifers within each cell. 

Soils with slopes and permeabilities 
suitable for natural and artificial 
recharge cover 2 900 hectares (7,200 
acres) in the Sonoma Valley study area 
7 percent of the total land surface 
(Figure 7). An additional 2 600 hectares 
(6,500 acres) are covered with' soils of 
suitable permeability; they can be clas­
sified as recharge areas if the land 
slope is less than 15 percent. 

The most significant natural recharge 
takes place in the stream c.hannels 
incised in alluvial fan deposits. Allu­
vial fan deposits in the Sonoma Valley 
study area are not usually permeable 
enough to act as recharge areas, although 
some slow infiltration of rainwater 
through fan deposits does take place. 
Some fan deposits in the Bennett Mountain 
area are flat and permeable enough to be 
recharge areas. Since the alluvial fan 
deposits, both in and outside of stream 
channels, are usually interconnected, 
ground water can move from recharge areas 
into areas of ground water pumpage. 

Although TRANSCAP and water level data 
indicate storage space is available for 
recharged water in many areas in the 
Bennett Mountain area and Sonoma Valley, 
the volume of water available for 
'recharge has historically exceeded the 
storage space available for it. When 
this happens, the excess water runs off 
as streamflow. Kunkel and Upson (1960) 
described Sonoma Creek as a gaining 
stream, fed by discharging ground water. 
Ground water levels in the valleys 
recovered rapidly from the 2-year 1976­
1977 drought; by spring 1978, most valley 
wells had recovered 5 m (17 ft) to normal 
high spring levels from low fall 1977 
levels. If ground water use was 

increased near Sonoma Creek, higher than 
normal natural recharge from the creek 
should maintain ground water at present 
levels. Care should be taken to avoid 
increased pumpage near tidal portions of 
the creek, where surface water quality is 
poor, or near areas of known sea water 
intrusion. 

Many areas of permeable soils blanket the 
mountains on the east and west sides of 
the study area. Permeable soils tend to 
form on Sonoma Volcanics, especially the 
sedimentary units (labeled Tst on 
Plate I). If the slopes are less than 
15 percent, these soils are classified as 
potential recharge areas. Since aquifers 
in the Sonoma Volcanics are discontinu­
ous, the fate of the recharged water is 
difficult to determine. Similarly, some 
areas in the Glen Ellen Formation are 

rec.harge areas. Since aquifers in the 

Glen Ellen Formation are usually discon­
tinuous, the fate of recharged water is 

also not known. 


In mountainous areas, recharge from rain 
or streams occurs where an aquifer is 
exposed at the surface. Recharged ground 
water then moves down dip in the aquifer 
(Figure 12) until: 

o 	 The water reaches the lowest point in 

elevation. where it remains. 


o 	 The aquifer again is at the land sur­
face, where ground water is released as 
a 	 spring. 

o 	 Ground water encounters a barrier, 
which reduces the flow rate. 

'When aquifers are as discontinuous as 
those in the mountainous portions of the 
study area, ground water frequently does 
not reach the area of ground water 

extraction because of these geologic 

c.omplexities. 

At present, artificial recharge is not 

necessary in the Sonoma Valley and 

Bennett Mountain area because the basins 
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FIGURE 12 
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are essentially full and because surface proposed site, including on-site drilling 
water is available to meet most domestic and evaluation of the degree of 
needs. When the basin has been dewatered connection between the recharge area and 
sufficiently to make an artificial the area of extraction. An artificial 
recharge program feasible, the recharge recharge program to halt or reverse sea 
site(s) selected should be in an area of water intrusion should be considered if 
favorable slope and soil permeability. A further water quality sampling indicates 
detailed subsurface geologic continuing inland movement of sea water. 
investigation should be conducted for the 
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Chapter • SOURCE AND POTENTIAL MIGRATION 
OF SELECTED MINERAL CONSTITUENTS 

There are many ions and substances that manganese above recommended limits is 
can, when present a ave certain concen­ produced from wells: 
trations in ground ater, be harmful to 
humans, animals, or plants. Increased o Tapping alluvial fan deposits. 
ground water pumpag near areas with o Tapping the Glen Ellen Formation. 
wa~er quality probl ms may cause the o Tapping the Sonoma Volcanics. 
water containing th'se constituents to 
migrate. The potential for movement of ground 

water with these quality problems varies. 
The area of greatest concern is in allu­
vial fan deposits at the southern end of 
the study area. Although fan deposits 

Sodium, salinity, t tal dissolved solids are finer grained in this area than to 
(TDS), boron, nitrate, hardness, iron and the north, pumping near areas intruded by 
manganese concentra ions in ground water sea water could induce landward movement 
were examined duri this study. High of sea water into fan deposits. Water 
sodium, salinity, S, and boron fre­ quality degradation caused by intrusion 
quently occur toget er, most commonly in may include increased sodium, salinity, 
wells affected by s a water intrusion or total dissolved solids, boron, hardness, 
in thermal water. igh boron and sodium and iron and manganese. Generally, the 
frequently are fou together in the Glen potential for movement of poor quality 
Ellen area; the bo on and sodium may be water is highest within alluvial fan 
related to faulting or to the Sonoma deposits, but fan deposits generally con­
Volcanics. tain the best quality water. Poor qual­

ity water within other formations, such 
Ground water in th Sonoma Valley has not as the Glen Ellen and Sonoma Volcanics, 
been systematicall analyzed for nitrates moves slowly because permeability within 
in the past; only ne well of the 50 sam­ the formations is low. 
pled contained nit ates in excess of 
recommended limits. Further sampling of 
nitrates is needed to determine the Sodium 
source and extent f contamination. 

High concentrations of sodium ion may be 
Hardness increases from north to south hazardous to persons with heart problems 
in the study area, and generally such as high blood pressure. While gen­
decreases with dep h. Ground water in erally not hazardous to livestock, high 
the Bennett Mounta n area and northern concentrations of sodium ion can 
Sonoma Valley is g nerally soft. Near adversely affect agriculture by causing 
the City of Sonoma the alluvial fan soils to deflocculate or "puddle"; a hard 
deposits, which fo the major water­ crust forms after irrigating, adversely 
yielding unit in t is area, produce affecting tilth, permeability, and 
moderately hard wa er. Geologic units infiltration. 
affected by sea wa er intrusion generally 
produce hard water. Based on the University of California 

Committee of Consultants report, "Guide­
Few accurate analy es are available for lines for Interpretation of Water Quality 
iron and manganese available data indi­ for Agriculture" (Ayers and Branson, 
cate that water co taining iron and 1975), the adjusted sodium adsorption 
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ratio (ASAR) is used to evaluate the One well in cell 109 (5N/ 6W- 2A2), which 
effect of sodium on agriculture. The draws water from the Sonoma Volcanics, 
ratio is computed by the following produces highly mineralized thermal water 
formula: that poses a severe sodium problem. 

Other wells drilled in Sonoma Volcanics 
in this area may pose similar quality 

ASAR = [ + (8.4 - PHC)] problems. 
~Ur-2-(-Ca-++--+-M-g-++-) 

Several wells in cells 48 and 70 
(6N/6W-5L3, -16B2, and -16Hl), which draw 

where pHc is a calculated value based on water from the Glen Ellen Formation, pro­
th~ concentration of total cations, duce water that poses a severe sodium 
Ca++ + Mg++, and C03= + HC03-' problem. The poor quality may be the 
all expressed in milliequivalents per result of base exchange within clays, 
litre (see Ford, 1975, Table .20). which increases the sodium concentration 

and decreases the calcium and magnesium 
For ion toxicity from root absorption, concentrations. Since high boron concen­
problems increase as the ASAR exceeds 3; trations are also associated with these 
severe problems occur when the ASAR is wells, the poor quality may also be asso­
greater than 9 (Ayers and Branson, 1975). ciated with faulting or movement of water 
For ion toxicity from foliar absorption, from the Sonoma Volcanics. The potential 
problems increase as the ASAR exceeds 3. for migration of this poor quality water 
Foliar absorption limits are important is low because the clay-rich and consoli­
when sprinklers are used for irrigation dated nature of this formation ensures 
or frost control. Previous guidelines low permeability. 
for sodium used the ASAR in conjunction 
with electrical conductivity (after Hem, 
1959). The new guidelines have a lower Salinity 
threshold than the previous guidelines. 

Excessive salinity in water can kill Of 54 wells analyzed for sodium in the 
sensitive plants and impart a salty taste Sonoma Valley, 31 were found to have ASAR 
to drinking water. The degree of salin­values exceeding 3; 18 have ASAR values 
ity hazard is determined in different exceeding 9 (Table 3 and Figure 13A). Of 
ways for agricultural and domestic the 31 wells, 14 had been similarly 
water. Salinity of agricultural water identified in DWR Bulletin 118-4, 
supplies is measured by electrical con­Volume 1 (Ford, 1975), using Hem. Water 
ductivity and chloride ion concentration; from the affected wells does not repre­
salinity of domestic water supplies is sent a single quality type, although 
measured by chloride ion concentration. sodium is generally the dominant cation. 

Boron is frequently associated with high 
In agriculture, salinity problems from sodium. 
root absorption are related to electrical 
conductivity (EC). Problems increase as The highest sodium is in the southern 
the EC exceeds 750 microsiemens per portion of the Sonoma Valley, in water 
centimetre (uS/cm). Problems are severe from aquifers that have been intruded by 
when the EC exceeds 3 000. sea water. High sodium is already wide­

spread in this area; because the sedi­
A related problem in agriculture is ion ments are generally fine-grained, the 
toxicity caused by high levels of chlo­potential for migration is low except 
ride ion. Problems from foliar absorp­within coarser grained alluvial fan 
tion increase as the chloride ion deposits that have been intruded. The 
concentration exceeds 106 mg/L. Problems possibility of movement is high in the 
from root absorption increase as the intruded fan deposits if the sea water 
chloride ion concentration exceeds intrusion is allowed to spread. 
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Table 3 


SOOIUM IN GROUND WATER 

IN EXCESS OF RECOMMENDED STANDARDS 


: 	 : Date of :Adjusted:Degree of HazardDepthWell Number : 	 : Sam~lin9 : SAR lI:In~reas- : Severe 
: metres : (feet) : mohr : Value : ln9 : 

4N/5W-2Q2 	 91 (300) 3/59 12.6 xy
, 	 -14D2 494 (1620 ) 7/73 17.7 x 

-28Pl -- (-- -) 10/60 29.5 x 

-28Ql -- (---) 8/54 25.35Y x 

-34Dl 61 (200) 4/62 25.7Y x 


. 


5N/5W-8P2 75 (245) 8/74 7.5 x 
-9M2 78 (257) 1/51 12.4Y x 

-18D2 23 ( 75) 3/65 4.7 x 

-20Rl 154 (504) 7/70 22.02/ x 

-28Nl 40 (130) 8/58 3.2 x 

-28Rl 85 (280) 7/71 20.7 / x


2-31Al 124 (408) 4/52 26.2S x 

-31A3 17 ( 561 8/54 25.62/ x 

-31Bl 17 C56) 9/57 13.2~ x 

-33Kl 58 ( 190) 9/60 49.90' x 


5N/6W-2A2 107 8/58 20.72/ x 
~350) 
-12Fl 34 .113 ) 8/58 4.9 x 

-12Ml -- (--- ) 8/72 3.9 x 

-25Pl 52 07l) 8/58 12.9 x 

"26P2 195 (640) 7/70 14.2 x 


6N/6W-5L1 41 (133) 9/57 8,9 x 

-5L3 2 ( 6) 5/52 10.0 x 

-16B2 64 (211 ) 9/51 13.4 I x
~ -16Hl 64 (211 ) 5/51 11.~ x 

-16J2 -- (---) 10/49 6.6 x 

-23M2 71 (233) 3/65 6,3 x 

-26El 93 (304) 8/58 7.6 y
 x 

-27Al 71 (233) 4/61 5.2 x 


6N/7W-17Dl c---) 1/57 ~L 1 x 
--
-17El 198 (650) 9/63 10.ill x 


7N/6W-29Pl 34 (J 12) 1(5] 3.~ x 


]N/7W-32Gl 123 (403) 10/51 5.9.. x 


1 


'Y Subsequent samp es show ASAR <3. 


1 All exceed reco l11ended limit of ASAR :; 3. SodiuJII hazard rClted "severe" tf ASAR >9. 
Y Well described n DWR Bullet;n 118-4. Volume 1 (Ford. 1975). 


• 	

• 
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142 mg/L; problems are severe when the 
concentration exceeds 355 mg/L (Ayers and 
Branson, 1975). 

The salinity of domestic water supplies 
is measured by the concentration of chlo­
ride ion. Title 22 of the California 
Administrative Code (California Depart­
ment of Health, 1977) recommends a maxi­
mum concentration of chloride ion in 
dr~nking water of 250 mg/L; the maximum 
allowable concentration is 500 mg/L. 
Water containing 	more than 250 mg/L of 
chloride ion usually has a noticeably 
salty taste. 

Of the 84 wells evaluated for salinity 

in the Sonoma Valley, 25 produce water 

with electrical conductivities greater 
than 750 ~S/cm; 7 exceed 3 000 uS/em. Of 

the 83 wells tested for chloride ion, 23 

produce water with chloride ion concen­
trations greater than 106 mg/L and 17 

exceed 142 mg/L; 12 exceed 250 mg/L and 8 

exceed 500 mg/L (Table 4 and 

Figure 13B). 


In the Sonoma Valley, ground water with 
high electrical conductivity is generally 
found in areas affected by sea water 
intrusion or in rocks of the Sonoma 
Volcanics. Two wells in alluvial fan 
deposits (cell 121, well 5N/5W-9NI; and 
cell 118, well 5N/6W-12FI) produce water 
with electrical conductivities exceeding 
900 ~S/cm; the source of the salinity is 
unknown. Several wells near the area 
affected by sea water intrusion have 
electrical conductivities in excess of 
1 000 ~S/ cm (5N/5W- 20RI and - 28RI); their 
water, although highly mineralized, does 
not contain the high chloride ion concen­
tration characteristic of sea water 
intrusion. 

The potential for movement of water known 
to have high salinity varies with the 
source of the salinity. Wells drilled 
into rocks of the Sonoma Volcanics in 
areas where the volcanics are known to 
contain saline ground water will gener­
ally produce saline ground water. 
Because of the discontinuous nature of 
the Sonoma Volcanics, wells drilled else-

Table 4 


SALINITY OF. GROUND WATER IN EXCESS 
OF RECOMMENDEO STANDARDS 

Elec- §J
Depth Date tri cal 

Well Nurrber 	 Chloride conduc­
ti vitymetres ( feet) mo/yr mg/l \.IS/em 

4N/5W-2Q2 91 (300) 	 8/58 139Y 1 040 

3/59 13SY 1 050 


-14Dl (--) 3/50 l2lY 957 

-1402 494 (1620) 10/60 148.hY 1 071 


9/63 1 260 

-14l1 (--) 

122231 
21 


3/50 20JT't 41 1 220 

-28Pl (--) 	 9/61 2 85Of"2't1 9 190 

-28Ql 8/54 80~ 3 310
(--l-32B1 ( -- 2/50 314.L.bl! 1 880 

-32Cl (--) 2/50 89¥z1! 3 400 

-3401 61 (200) 	 4/61 64~1 2 990 


4/62 7~ 2 910 


5N/5W-9Nl (--) 8/57 90 908 

-20Rl 154 (504) 9/59 141Y 1 240 

-28Nl 40 (130) 8/78 37S..l.z.f.A1 1 420 

-28Rl 85 (280) 7/79 91 1 120 

-31A 1 124 (408) 6/52 66 957 

-31A2 30 (laO) 6/52 58M4i 5 380 

-31A3 17 (56) 8/54 360.!4A! 4 710 

-3181 17 (56) 9/57 48~ 5 010 

-31Hl (--) 4/52 234Ll1 1 310 

-33Kl 58 ( 190) 9/60 7 582!.d.rl120 571 


5N/6W-2A2 107 (350) 6/57 37S.L..L.Y 1 550 

-2A3 (--) 6/51 27~ 1 220 

-2M (--) 6/51 20~1 1050 

-2A5 (--) 6/51 l32Y 901 

-12'1 34 ( 113) 6/75 139Y 821 


7/79 120Y 908 


6N/6W-l0Gl (--) 6/51 164Pt1 310 

-26Rl (--) 4/52 l2lY 


Chloride ion concentration: 
l/ exceeds 250 mg/l (recommended limit. human drinking

water) 
y exceeds 106 mg/l (increasing problems. agriculture­

foliar absorption)
"if between 142-355 mg/L (i ncreas i n9 prabl ems. agri cul ture­

root absorption) 
11 exceeds 355 mq/L (severe problems. agriculture-

root absorption) 
Electrical conductivit.v: 

5/ exceeds 750 IlS/cm (lncreasing problems. agriculture­

~ root absorption) 
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where in the Sonoma Volcanics mayor may a TDS higher than 500 mg/L may also be 
not produce highly saline ground water. expected to contain other hazardous ions, 

usually high sodium and salinity. 
The potential for 1I\(]vement of saline 
water within the bay mud deposits is low Of the 59 wells evaluated for TDS in the 
because the deposits are mostly clay. Sonoma Valley, 15 produce water with TDS 
Potential for movemEnt of saline water greater than 500 mg/L: 7 of these exceed 
into fan deposits at the southern end of 1 000 mg/L (Table 5 and Figure 13C). 
the Sonoma Valley study area is greater. Most of these wells also produce water 
Although these souttern fan deposits are that exceeds recommended limits for 
finer-grained than fan deposits in other salinity, sodium, and boron. The source 
par~s of the Sonoma Valley and Bennett of the poor quality water is similar to 
Mountain area, grou~d water pumping can the source of salinity, and is usually 
create a landward gradient, which would related to sea water intrusion or rocks 
draw sea water inlard. Salinity will of the Sonoma Volcanics. Potential for 
increase within alluvial fan deposits as movement is the same as that for highly 
sea water moves inland. 	 saline water. 

Total Diss lved Solids 	 Nitrate 

The amount of total dissolved solids High concentrations of nitrate can cause 
(TDS) in water indicates the total min­ methemoglobinemia, an oxygen deficiency 
eral content in the water. The recom­ in infants. For this reason, a recom­
mended limit for TO in domestic water is mended drinking water limit of 45 mg/L of 
500 mg/L. The maxi. urn limit for TDS is nitrate (10 mg/L expressed as nitrogen) 
1 000 mg/L, althoug for short periods of has been established by the California 
time 1 500 mg/L is llowed (California Administrative Code, Title 22 (California 

. Department of 	Healtl, 1977). Water with Department of Health, 1977). 

Table 5 

TOTAL DISSOLVED SOLIDS (TDS) IN GROUND WATER 
IN EXCESS OF RECOMMENDED STANDARDS 

o Depth : Date TDS N b: Depth : Date : TDS
Well Well Number; metres : ( feet) : r007yr : mgl[* urn er:metres: (feet): mo7vr mgl[* 

4N/5W-2Q2 91 (300) 8/58 610 5N/5W-31Al 124 ( 408) 5/54 585 
-14D2 494 (1620) 4/62 665 -31A3 17 (56) 8/54 2 590 
-28Pl -- (--) 9/59 2 750 -31Bl 17 (56) 9/57 2 800 
-28Ql -- (--) 8/54 1 870 -33Kl 58 ( 190) 9/60 13 167 
-34Dl 61 (200) 4/62 1 620 , 

_0·5N/6W-2A2 107 ( 350) 845 
5N/5W-20Rl 154 (504) 9/59 734 -2A5 -- (--) -- 766 

-28Nl 40 (130) 8/72 583 -12Fl 34 (113) 7/73 2 908 
-28Rl 85 (280) 7/71 615 

, 	

* All exceed recomfnended 1 i mit of Total Dissolved Solids - 500 mg/L. 
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Nitrates are produced by aerobic stabili­ Of the 55 wells tested in the Sonoma 
zation of organic nitrogen. The presence Valley, 28 produce water with boron 
of nitrate in ground water is usually concentrations greater than 0.5 mg/L, and 
indicative of pollution from surface 13 of these 28 wells produce water with 
sources such as septic-tank leach-fields, boron in excess of 2.0 mg/L (Table 6 and 
fertilizers, or livestock and poultry Figure 13D). 
farms. 

The source of the boron-rich ground water 
Although nitrate contamination of ground varies within the Sonoma Valley. High 
water is documented in some areas in the boron in the Glen Ellen area (such as 
Petaluma Valley, little water quality well 6N/6W-16B2) may be related to exten­
te~ting for nitrates has been done in the sive faulting in the area; boron-rich 
Sonoma Valley. Of the 50 wells sampled, ground water rises toward the surface 
only one well, 5N/5W-18D2, has been along the fault planes. Some high boron 
identified as producing water containing may have moved into alluvial deposits 
nitrate above the recommended limit of from the Sonoma Volcanics, as in wells 
45 mg/L of nitrate (66 mg/L of nitrate, 6N/6W-23M2 and -26El. Boron-rich ground 
sampled in September 1959)(Figure 13C). water in the area south of Schellville is 
Nitrate concentrations in water from related to sea water intrusion. The 
nearby well 5N/5W-19Ll are between 10 and source of high boron in wells (such as 
25 mg/L of nitrate (sampled between 5N-5W/31Al near the City of Sonoma) that 
September 1951 and September 1959). pump water from alluvial fan deposits is 
These concentrations are below the recom­ not known. 
mended limit but are high enough to be of 
concern. Water from another nearby well The water quality type of all boron-rich 
(5N/5W-20Rl) of similar depth has low water is very similar. Almost all wells 
concentrations of nitrate (less than with high boron have sodium as the domi­
2 mg/L, sampled between March 1958 and nant cation and bicarbonate as the domi­
August 1969). These data indicate a nant anion. Boron-rich water from two 
localized nitrate contamination problem, wells (5N/5\~-20Cl and 5N/6W-13Kl) that 
but further sampling is needed to deter­ contain calcium and magnesium instead of 
mine the extent and source of the sodium as the dominant cation do contain 
nitrate. some sodium. Boron-rich water from one 

well (5N/6W-2A2) that contains chloride 
instead of bicarbonate as the dominant 

Boron anion is an atypical thermal sodium chlo­
ride water produced from the Sonoma 

Boron in drinking water is not generally Volcanics. 
considered a health hazard because con­
centrations up to 30 mg/L are not consid­ In the Sonoma Valley, high concentrations 
ered harmful to humans. Although a minor of boron in ground water are often asso­
constituent of most water, boron is ciated with water having a moderate-to­
extremely important in agriculture. An severe sodium hazard and high TDS. The 
amount greater than 2 mg/L is toxic to potential for migration of boron-rich 
most plants, but small amounts of boron ground water is the same as for water 
are essential to plant growth. Boron is containing high sodium or TDS. 
toxic to many plants, such as citrus, 
grapes, apples, and walnuts, in concen­
trations of less than 1 mg/L. Boron 
concentrations below 0.5 mg/L are 
satisfactory for all crops (Ayers and Ground water containing calcium and 
Branson, 1975). magnesium salts is divided into two 
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general classifica ions~ carbonate 
hardness and nonca bonate hardness. 
Carbonate hardness becomes apparent after 
water has been heaed, causing the sol­
uble calcium and m gnesium bicarbonates 
to precipitate as nsoluble carbonates. 
The precipitates a here to heated 
surfaces, such as he inside of water 
heaters and hot wa er pipes, and 
ultimately reduce he capacity of the 
fixture. Noncarbo ate hardness is not 
affected by heat, )ecause it is 
principally caused by the presence of 
calcium sulfate; s nce few analyses of 
noncarbonate hardn ss are available in 
the study area, it will not be discussed 
here. Both forms pf hardness reduce the 
cleansing ability bf many soaps and 
detergents. 

The hardness of ground water is variable. 
Soft waters are those with a hardness of 
less than 60 mg/L of calcium carbonate; 
moderately hard waters are those with a 
hardness range of from 61 to 200 mg/L. 
Hard waters are those that have a 
hardness in excess of 200 mg/L. 

In the study area, hardness generally 
increases to the south and decreases with 
depth. The hardest water is generally 
found in areas affected by sea water 
intrusion. Hardness decreases with depth 
as the percentage of sodium in the ground 
water increases. This increase in sodium 
is due to cation exchange in clay, in 
which calcium and magnesium ions from 
ground water are affixed to clay parti­
cles and sodium ions are released. 
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In the Bennett Mountain area, water from Water containing excessive iron and 
alluvial fan deposits and the Sonoma manganese has been produced from wells; 
Volcanics is soft. In the Glen Ellen 
area, shallow ground water is also soft. o Tapping alluvial fan deposits. 
Two deeper wells that produce hard and o Tapping the Glen Ellen Formation. 
moderately hard water tap the Sonoma o Tapping the Sonoma Volcanics. 
Volcanics. In the Sonoma Valley study 
area, hardness increases to the south. Table 7 lists wells in the Sonoma Valley 
The hardest water is 5 180 mg/L of known to produce water with iron or 
calcium carbonate from well 5N/5W-33Kl; manganese in excess of recommended 
the softest water is 12 mg/L from a limits. 
deeper well, 5N/6W-25P2. Ground water 
from most alluvial fan deposits is Sources of iron and manganese are varied. 
moderately hard; ground water in areas Iron is frequently present in the 
intruded by sea water is mostly hard. cementing material of sandstones and 

within shales. Iron is also found in the 
The greatest potential for a change in soils produced by weathering of these 
hardness is near areas affected by sea rocks. Iron may be added to ground water 
water intrusion. If ground water pumping from contact with well casing, pump 
produces a landward gradient, encouraging parts, pipes, storage tanks, and other 
inland movement of sea water, hardness iron objects. Iron can be derived from 
will increase as sea water moves into iron bacteria that grow in some well 
alluvial fan deposits. casings. 

Manganese found in ground water is most 

[ron and Manganese frequently the result of solution of 
manganese from soils and sediments aided 

The presence of excessive iron and by anaerobic bacteria under reducing 
manganese in ground water is a common conditions. 
problem. Both of these constituents can 
impart a metallic taste to water or to In some parts of California, water rich 
food prepared with such water. The in iron and manganese occurs near the 
metallic impurities may also stain fix­ bottom of various individual aquifers. 
tures, fabrics, and utensils. The iron Because' iron and manganese ions are 
and manganese deposits build up in pres­ relatively heavy, they tend to settle in 
sure tanks, water heaters, and pipes and an aquifer until they are concentrated 
reduce the available quantity and pres­ just above a clay bed. Water drawn from 
sure of the water supply. The recom­ a well perforated near the bottom of an 
mended limit is 0.3 mg/L for iron and aquifer would therefore tend to have a 
0.05 mg/L for manganese. greater concentration of iron and manga­

nese. Sufficient data are not available 
To obtain an accurate analysis of the to evaluate this phenomenon in the Sonoma 
amount of iron and manganese in a water Valley. 
sample, the sample must be acidified with 
nitric acid immediately after collection 
to stabilize the metallic constituents. Well Owner Questionnaire Results 
If this is not done, some iron and manga­
nese will precipitate out of solution. To determine well owners' opinions of 
If plastic jugs are used for sampling, their ground water quality, the Sonoma 
some iron and manganese will adhere to County Water Agency mailed questionnaires 
the plastic. Acidification of water in 1977 to all rural property owners in 
samples has rarely been performed in the Sonoma County who did not receive water 
Sonoma Valley, making a general statement from municipal water systems. The ques­
on the occurrence and movement of iron­ tionnaires requested information on 
and manganese-rich water impossible. ground water taste, odor, and color. The 
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responses were grouped according to Since a single well could have more than 
assessor's parcel books (Figure 14). one problem, two other tabulations were 
Within each parcel book area, responses added; (1) taste, odor, or color; and 
were separated acco ding to well depth: (2) taste, odor, color, or other. The 

responses to the questionnaires are 
° 	Shallow wells, 0-~6 m (0-150 ft) deep. tabulated in Table 8. 

° 	Intermediate well", 46-107 m (151-350 The most common complaint was color. 
ft) deep. Some causes of colored water are exces­

sive iron and manganese and the pumping 
° 	Deep wells, greater than 107 m (350 ft) of sand. Pumping of sand is much more 

deep. common in the Petaluma Valley and Santa 
Rosa Plain than in the Sonoma Valley 

Within each depth ange, the number of study area. Unpleasant taste can be 
wells with each of the following problems caused by excessive hardness, salinity, 
was tabulated: sodium, iron and manganese, and sulfides. 

Sulfides are generally volcanic in 
o 	 Taste origin. Unpleasant odor can be caused by 
° 	Odor excessive iron and manganese and hydrogen 
° 	Color sulfide. 
° 	Other (problem) 
o.None (no problem 

Table 7 

IRON AND MANGANESE IN GROUND WATER 
IN EXCESS OF RECOMMENOEO STANDAROS 

.Iron : Man-	 Well Number Depth Date : Iron Man­Well Number Depth Date 	 __ :(total) ganese(tOjjl)~ ganne
metres' {. et rrolYr 	 metres: ( feet) mo/Yr : mg/L mg/L 

4N/5W-1402 494 (1 20) 8/54 0.8* 0.1* 6N/6W-5L1 41 (133) 9/51 0.18 0.14* 
10/60 0.14 0.16* -10M2 68 (224) 6/75 0.85* 0.13* 

-Z8Pl ( - ) 4/60 2.6* -16 44 (145) 2/62 1.8* 0.26* 
-28Ql ( - ) 8/54 0.02 0.1* -23M2 71 (233) 4/60 0.72* 
-3401 61 ( 00) 3/59 0.4* 4/61 0.05 0.3* 

5N/5W-20Rl 154 ( 04) 4/61 o 0.06* -26El 93 (304) 
 4/60 0.53* 
-33Kl 58 ( 90) 3/59 25 -27Al 71 (233)
 4/61 0.02 0.19* 

5N/6W-2A2 107 ( 50) 0.93* -35G2 40 130) 
 8/58 0.5* 
-12F1 34 ( 13) 4/60 7.8* 6N/7W-5Al 37 1120) 
 4/60 5.0* 0.48* 

4/61 0.0 0.06* -17El 198 (650)
 9/61 0.79* 0.0 
7N/6W-29Pl 34 (112) 
 6/75 4.0* 0.55* 
7N/7W-15Cl 121 (397) 
 9/61 0.74* 0.53* 

*Concentration is abo e recommended limits of 0.3 mg/L iron or 0.05 mg/l manganese. 
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FIGURE 14 
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Questionnaire distributed 

by Sonoma County Water Agency 
in 1977. Questionnaire requested 
information on taste, odor, and 
color quality problems (see Table 8). 

LEGEND 
E:3Questionnaire not distributed 

because most households served 
by imported water. 

~	Assessor's parcel book 
boundary. Survey results are 
summarized by parcel book (Table 8). 
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TABLE 8 

WATER WELL QUESTIONNAIRE RESPONSES 

1977 DATA 


ASSESSOAS 'ARCEL 
QUAlt TV ,ROBLEM 

aOOK NO. o -------.
SHALLOW 

-.------
WEllS 

---- HUMBER OF 'ESPOHSES 
JHTEMMfDIATf WELLS 

WI1H INDIU TeO
DEEP WELLS 

QUALITY ,~oalE" -------
WEllS WITH 

-------------
SU"MARV 

0-150 FT lSl-:J50 FT > no FT DEPTH U~ltfrllOwN ALL WELLS 

, TASTE 
OOOR •(OlOR • 
OTHER 10 
NONE .. 
"STE, onOR OR COLOR • '.STf, DOOR, COLOR OR nTH~R Il
NUMdfR OF WEllS IN SUKV~V 62 

1 0 2 •
2 0 1 1 

1 17 • • 2 16 • , ..• 127" , 20 • •Il 1 ..• .. 10 ..." " WElLS WITH T,I],e. QUALITY PROBLEM !J.U 
~ WEllS WITH ftO,e.k QUlll y PRO~lE" ,U.O, 

Il.U 60.0' 5.8" H.U,
28.9' 10.0, ll.n H.91: 

ASSESSORS PARCEL BOOK ~O. , ----------------
QUAL lTV PROBLEM SH.LlOW WELLS 

---- "tUMtlfR OF It£: SPONSES WI TM IHOICA fED QUALITy ,ROftlEM -------------------­INTERMEDIATE WELLS DHP WEU.S WELLS WITH SUM"ARY 
O .. UO FT 151-)'50 fT ) 350 FT DEPTH UNKNOWN ALL WEllS 

TASTE 17 
OOOR .. 
COLOR 21 
OTHER 12 
NONE 16 
TASTE, ODOR OR cnlOR 
TASTE, ODOR, CalOR OR OTHER " 
NU~DER Of WELLS IN SURVEY .." • WELLS WITH T,o,e QUALITV (ll:USLE~ SZ.ls 
_ WElLS WIfH T.O,(.,. I01UAlIT PR08LEM .6.1, 

1> 
16 
17 

1 
12 

21" .. 
59.0S 
69.2' 

,• 
• • • • ..• 

Jl.ls 
'0.0' 

1 

• ,• 
10 

• 11
21 

42.'S 
1Sl.4' 

..

.0 .. 
2. ., .. 
19 

11'
50.0S· 
62.1'

ASSESSn(ll:S PARCEL BOOk NO. 
QUAll TV PIIOBLE" 

o ----------------
SHALLOW WELLS 

0-150 FJ 

---- NtJ~Bn Of RUP-ONUS WITH INOlc.ATEO QUALITY ,ROStEM -------
INTERMtOIATE WEllS DEfP wELLS WELLS WITH 

151-)50 fT > )50 FT DEPTH UNKNOWN 

----.-----.--
SUMMARY 

ALL WELLS 

TASTE 
ODOR 
COLOR 
OTHeR 
HONE 
TASTE, ODOR OR COLOR 
TASTE. ODOR, COLOR OR OJH£R 
NUM8ER OF WELLS IN SURVEV 

• •• •
'0 
Il 
17 

" 

• 2 

,• .. 
• 11 

" 

1 
0 
0 
1 , 
1, , 

• 1, 
1 .. 
• 1 ,. 

16 ..• 
U
.S

••
" 10. 

S WelLS WITH ho.t QIIALITV ROBLE" 21.7\ 
, WELLS WITH T,O.c,1 QUALIT PROBlE,. 36.2' 

2S.0' 20.0' 23.1' U.S,
45.8' ~o.o, 26.9, U.Jl 

ASSESSORS PARCEL 600k NO. ----------------QUALITY ,1l06lEM SHALLOW WELLS 
0-150 fT 

---- NUMBER OF aESPONSES WITH INOIUTEO QUALITY 'ROSLEM -------------------­INTERMEDIATE WEL~S DEEP WELLS WEL~S WITH SUMMA.Y 
1~1-)10 fT > 350 FT DEPTH UNKhOW~ 'LL ~ELLS 

TASTE 2 0 •DOOk , • 1 0 •o •COLOR , 2 0 o 1 
OTHER , , o 1 
trtONE • 11 10 0 10 .. 
TASTE, ODOR OR COLOR 1 , 0 o 10 
TASTE, ODOR, COLOR O~ OTHER , o 17 
NUMBER OF WELLS IN SURVEY ..• • \6 10 ..
, WELLS WITH T,O,t QUALITY ROfU.. EM la.n; •16.B' .0> .0' lo.a'
, WELLS WITH T,O,C,I QUAL'T PROPlLEI'! 42.1' n.5' 100.·OS .0' 3S.~' 

;;;;;;~;;-;;;~;~-;~~;-;~:-~ ;-----::::::::::::::::::::·-~~;;;-~;-;;~;~;~;5-;;;;-~~~;'~;;D-~~~l;;;-;;~;l;;--:::::::::::::::::::: 
QUALITY 'ROBLEM SHA~LOW WELLS JNTERMEOIATE WELLS DEEP WELLS WELLS WITH SUMMARY 

0-150 FT lSl-15Q FT > "0 FT DEPTH UNKNOWN AU. WEll,.S 

TASTE , 
ODOR 
CULOR • 
OTHEIl •, 
NONE 
TASTE, 0001l OR COlOR " • TASTE, ODOR, COLOR DR OTHER 11
NUNDER OF WEllS IN SURVEY .. 
, WELLS WITH T,O,C QUALITY AOSLEM 16.3~ 
, WflLS WITH T,O,c~. QUALI PROBLEM 22.4l: 

1 

• •0 

•2 
2 

• lI.O\
25.0' 

0 
0 
0 
0 
0 
0 
0 
0 

M" H'. 

1 

• •1 

•Z , 
1

2••6' 
42.'t. 

, 
• • ..• 

12 
16 .. 

18.U; 
U.O"

ASSESSORS PARCEL BOOK HO. 
QUALITY ,ROBLEM 

-----------------~---------------------------------------------------.------------------------------• -------------------- NUM6ER OF RESPONSES WITH INOICATEO QUALITy 'ROSLEM· -------------~-~----
SHALLOW WELLS IMTERMEDIATE WELLS DEEP WELLS WELLS WITH SUMMARY 

0-1'0 FT 151-350 FT ~ )50 fT OEPTH UN~NOW~ ALL WELLS 

TASTE 
GOO, •• COLOR 
OTHER •, .... ,. 
TASTE, GDOl 0. COLOl ,. 
Tun, ooQtt, COLOR OIl OTHE. ..
NUMBER Of WELLS IN SUIlVEY . II 
I WELLS WITH T,O,t QUALITY ~~'LEM 41.ft 
, WElLS WITH T,O,C,. QUA~IT ,aOlLf~ ••,,4' 

10 

'0 u 
• 12 .. 

10 
.~ 

10.01 .Z.5' 

o 
o 
o 
o 

•• o • ••• .~, 

•1 •• 
•-•IS 

10." 
U.S• 

Z1:! ..
.0

" !l-.
II 

42.J_
5l.11J 

FOR LOC HION OF ASSESS()R'S I'"'ARCEL BOOKS SEE FIGURE 14 
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"SSESSOMS PAlH;:FL 80011 "10. -------------------- NUMSER OF RESPONStS WITH (NOte"lEO QUALITy PRO~lf" -------------.-----
tlUAt. ITY PRUfllEH StiALlOW WEllS INTERMEDIATF WELLS DEEP "ElL S WELLS WITH SUJl4MARY 

O-lSQ FT l~l-l'O fT > }50 fT DE.PTH IINI(NOwtt All ;.tELLS

USTE • • rWOR , • • •,, •COLOR • •onfER 

•• 0

•• ,
NON~ • , • ,•• • ••TA~'E. OOOR nR eOLllk 7 
• • TASTe. oaOR. eOln~ OR OTHER 
 ,• ,••, •• NUMt\fll Of WELLS IN SURVEY ,  ..•• ~ WHLS WITH T.o,e QIJALITY PII:O"'LFM M.O' 10.11 33. " 20.01: 36.8'
, WEU.S WlTti T.o.e.K f,jUU'ITY J'R(JeLfH 80.0t 16.1' 66.7, lto.O'l ltl.", 
ASSEssaR~ PARCEL 1l001( "+Q. ._------------------ t.lUMuER OF RESPONSE.s WITH INO(CATEO QUALITY '_O~lf" 
QUAL I TY PfiOAlFM " , ---------.---------SHALLOW WEllS INTERMEDIATE WEllS DEEP WEllS WELLS WITH 'iU!4"ARY 

o-uo FT 151-]50 fT ) ]50 FT . DEPTH UNK/lrtOW"f ALL WElLS

TASTE , , • , • • • OOOR 
COLOR ,• • ••• • OTHER , • • , , • • •NONE 1 , 
TASTE, ••, ODOR OR COLOR 1 , 
TASTF, ODOR, COLOR all CT'itoR , , • " .. • " 
+IUM8EIt OF WELLS IN SUII.YEY • 11 
, WEllS WITH T.O.C QUALITY ¥ROBlEH 58.3, 16.7, • " " l! ... •\ !5.0' 32.4' 
t WEllS WITH T.O.C.X ~UAlITY PRQ~LF." 7'5.0' Ih.1l. 27.2, 25.0' 31.8'1 

'AsseSSORS PARCEL BOOIC NO. NU~8ER OF R~SPONSeS WUH INDrCATED QUAlI TY PROelE" --------------------QUAt. lTV PR08LfM " --------------------StiAUOW WElLS INTER"EDUYE WEllS DEfP WEllS wELLS WITH SUMMARY 
0-150 FT 15l-3~O FT ) l~O FT DE PT" UNKNOWN All WELLS 

USTF. , ,• • •nOOIl , • 0 , • , • HilOR 0 ,• OTHER 0 0 • ""NE ..• 11 1 ..•
TASfF., ODOR OR COLOR , • 0  TASTE, COLOtt OR OTHER •• aDak. 0 ..•• •• IrtUJI48ER Of WELL S IN SURVEY II II " • t WELLS W11H T,u.e QUALITY PROBLF" 20.1'1' lb.It' " .0' .0' 16.",
" WELtS WITH T.o,e,I( QUALITY PROftLEM )6.0, l ••, .0. ) ..~, u.n

ASUSSORS PAllCfL 800K NO. NUM8ER Of .ESPONSES WITH I_OlunD QUALITY PROBlE_ •• QUAt. JTY -----------.-------PRO~LE" --------------------SHALLOW WELLS INTU14EOUn WELLS nefP wF.lLS jrlELl$ wITH SUMMARY 
0-15(l FT Ul-lS0 fT ) ''0 fT DEPTH UNKNQW"'I ALL WELLS 

TASTE 0 
OOO~ • •• • • • eOLOft • • ,• 
OTHER • • • •0 
NONE • • • • 0 
TASTE, • • • • aoo~ Olt COLOR 0 0 ,
TASTE. ODOR, COLOR OR • • aTHt:A. ,• NU!'f.SfII. OF WEllS IN SURVEY • • • 0 
 ,• • .u, • " WEllS WITH ,.u,t QIIALITY PItQRLEfI'I 100.0, N/' 100.0t 6h'.T' 

• WELLS WITH ,.0.C,. UUALITY PROBLEM 100.0, 66.n••• N" 100.0' 

--_._--------------------------------------------------------------------------------------------------------..-----------------A$SnSOas 'ARea. BOOK NO. .. -------------------- NUM8ER QF RESPONSES iii"" INDICATED QUALITY PAOBLE" -------------------QUALITY 'RU",UM SHALLOW WELLS INTERMEOI'TE "ELLS DEEI' WflU WELlS WITH SUMMARY 
0-150 FT 151-350 fT ) 350 FT DtPTH U"KNDW~ ALL WELLS 

TASTE , , , , • •000. o , 
COLOR • • z o , 
OTHEA , 
NONE 

•• • •• 1 • 1 11 •• TA~TE, ODOR OR,COLOA • 2 o , • ••TASTE, DOOR, COLOR OR OTHE. , , IZ 
NUMBEII. Of Wl:llS IN SURVEY •, ••• 10 ,. •• , WELLS WITH T,o,e QUALITY PIlOftLE~ 37.5, 10.0, -.0, 20.0' 
 15.6'
, WELLS "ITH r,u,e •• QUALITY ,Roelf" l7.n 10.011: Jl.:n )O.Ot 10.8' 

---------------------------...------------~--------..---...--...-...------------------"'r"---------..--------------
AS$ESSOlS I'ARCa lI0ol! NO. U6 ----..- ..-----..-._('......_ 'fUMeEl Of aupONSES WITH , ..OICATED QUAlifY 'ADaLE" --.:.----------....----
QUALITY f'RD~LEM SHALLOW WELLS l"lflll.MfDUTE we ..", onp WElLS WEllS WITH $U!'tMARY 

O"UO-Fl 151-.)50 Fl ) no H OE'TH IJHK~I)~ ~"L WElU

lA$TE .. .. • • ODOR •z ,. 
COLOA • • 1 " ZI 
D1HU , • •7 , • 0 ...... .. II • • ••TAStE. UOOR .oa. COLa.. I' ., •• TASTE, • DOOR. cOlOR ()It 'QTHU ,.. 11 .. •• NUM8,.. Of "fllS TN $UkVEY .. II Ii 
, "flLS wnH "o,e QUAlIT, 1'1I0aLE. <lt5.n '" '0.0' '4." '0.0' 4'.4'" 
, WEllS WITH 1,D,C,. ~UALI'Y "08l(" 60." 6]••, 50.0' "1.0'"".IlI: 

TABLE 8 (continued) 
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--------------------

• • 

AS'5fSSOIiS PA~CfL {.OOK "10. 121 -------------------- NUM6EJI. OF RESPONSES WITH I"'O"",EO QUAliTY t'Jl.J)~LE" -----------------..,-­
~Ull.1 TV PROflLEM ~HAlL(j1oj wElLS IfIff.a..t01ATE WEllS DEEP WF.llS wELLS WIt,., SUMMARY 

0-IS0 fT ,51-J~U fT ) 3~O FT DEPTH UNKN~WN ALL WELLS 

,UHF. 17 
ODOR 15" , II• " 
COLOR ,." 11 ,, • " " OlHt:R 1 11 
NONE ,.• •• .. .. 
lASTE, DOOR Oil (.OLOR II •

" .-
•• " 15" 

!~~!~: ~~O:~L~~L~;~- ~~II~:~fR .." " II" n • 
~ 61,01: 4l.tfl 41.9'W~lLS WITH T,o,C QUALITy PII 'LE" ~4.1li. " ,,8.2' 
t WELLS WITH 1,0,C,. 'UALITY AD8Lf" 52." 12.n "Z.9, "1.9' s".o, 
ASSkSSORS PARCEL aOOK NO. 128 NUJlltifR Of RESPD",SIES WITH .",orUTED QUAl'TY PR,O"lEJil -------------------­QUAl.ITY PRO~l.FM S"ALLOW WELLS l~tER~eOIATE WEllS OffP WellS WHlS wtTH SUMMARY 

O-I~O FT 151-350,F-T ) 350 Ff DEPTH UNKNOWN All wELLS 

TASTE IS , , 
ODOR 18 • , ,." 
CULOR II •

1 , •, ,. 
OTHeR lZ 0 0 1 
"'ONf 1 .. ,.," 
TASTE, 
TASTE, 

ODOR, 
cnOR OM 

LOlOR 
COLOR 

OR OTHER 
'" .." "• ,, • H 

.. 
NU~8ER OF wtlLS IN SUIIVEY 20• , Sl• 

1'5.61't, WEllS WITH T,O,c QUALITV PII ~lEfI '" )0.o, 15.0, U.8' 16.tf, '" 
, WELLS W(Tti T,O,C •• QUALIT.Y OAlfN 21.Z, 10.0' 15.0, l1.n lO.tf' 

AsseSSORS PAPCEL BOOK ~O. III "'UNHER O~ RESPONSES wITH INOICATED QUAL I fl' paOfll EM-------------------- SUMMARYQUAl.ITY PROAlfM SHALLOW WELLS INJERMEOIATE WELLS DEE' wELLS wULS WfTH -------------------­
0-150 FT l'H-HO fl > 150 fT DEPTH UNIt""OWN All weLLS 

TASH I , 1 , 1 
OoOR I , 1 1 , 
COLOR , 1 , 
nTHER , •, 0 1 

•1 
NO"l£ II 1 10 
tASTf, ODOR OR COLOR , ,• 1 "lZ 
TASTE, UOOR. COLOk OR OTHtR. , 1 •, 11 
NU"e~~ OF WELLS IN SURVfV I>• , 15 
• WHLS WITH T,O,C glJALITY PRO Lf. 115.U; Z6." sa.o, Z•• n: 15.0" •" 
, WELL' WITH T,u,(.,. QUALity P UI'LfM 1l.H 40.0t 50.0t; U.lt )50'0\' 

ASSESSO~S PARCfL HOOK NO. 115 ~UNafR Uf aespONSES WITH INOICATEO QUALITY pROflLEM 

QUALity PRO~Lf" SHALLO\l WHlS INTERMEOIATE oup wHLS WITH SlJfOtMUY 
-------------------- WELLS WELLS -------------------~ 

0-150 FT 151-]'j0 FT > l50 fT OEPTI1 UNICt.lOW'" All WEllS 

TASTE 1 , 1 0 
OOOf!: I 1 1 0 • ,, COLOR 1 1 1 0 

OTHER 0 1 1 0 , 

NONE 11 1 0 
USTE, OOUA OR COlOIl. 1 ,• , 0 ", 
TAStf, DOOR, COLOR OR OfHlR 1 , , 0 , 
NuM8ER OF Wf:LL 5 IN SUkvev 1 , 0 lZ" 21.1't;, WELLS WITH T.O.C QUAlITv PRO Lf. f1.1, 28.6, 66.n NfA 

l WELLS WITH T.O,C,l ijUALITY P GSLEM 8.1' 42.9, 66.1t. NfA 21.1' 


ASSESSORS PAP.eEl aOOK NO. 1)6 WITH INOtC-UEO-------------------- NUMBER Of RESPONSES QUALITV paOMLEM --------------------
OUALIfY PRCALE" SI1ALLOW WEllS I~TERMEDIATf. WfLlS DEE' wF.LLS wELLS WITH SUMMARY 

0-15~ fT 1'1-1'0 fT ) 350 fT OE'TH UNltNI')WIrt ALL WELLS 

lASH , , D o 
OOOR , 1 o o ,• 
COl.OII , 1 o o 
OTI1EA: , o 1• 
No",e 1D• , 1 , ,• Zl 
TASTE. ODOR 011. COLOR , o o •TASTf, aOOR, COLOR OR OTHe~ o o 10 

~UMaeR a~ WELLS IN SUkvey 16• II• , 

'WfllS WlfH ,.O,C QUAlifY "Ra~~M 1".8~ 18.2t .D'• .0' 1'.6'" 

, WELLS wit.. "a,e,. DUALITY P O~LEM 11." ••> ... 11.3t.16.~' 

"SSE5SOR~ PU(fL BOOK NO. HZ HUHUfl OF RESPO~SES WITH INDICATED QU.t.LITY 'RU~lfM-------.------------ -------------------­Qu.t.lI1Y PII.OBU,.. SHALLOW WEllS INTERMEDIATE WELL' DEE' WfLU .ELLS wITH SU'!MARY 
(1-150 FT 151-)50 FJ ) no fT DEPTH UNKt.lOW" All WEllS 

TASTE ,, ,, D 0 1 
DOOR 0 0 
COLO~ 0, • 
OTHEil •, , 0 •, •1 
NO"'E .. II 10 ,. 
TASTE, 00011. oa COlOR , 
TASTe, QOO~. tOLna OR OTHtll. •• , 0 •, ,.• 
~UM6fR Of WiLL! .N SURVEY 3. 0 II 11,. ", wELLS WlfH T,O,C OU.t.LlfY PII.':J~ H.Ot. II•• , .,. ... 12.1' 
, WELLS WITH T,O.C,. QUALITy PR MlF." 20.9, )l.n- t •• TI 22.',"A 

TABLE 8 (continued) 
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Chapt r 7. PLANNING FOR 
GROUND WATER MANAGEMENT 

This chapter discus es alternative plans Clara Basin to be practical, the volume 
for ground water ma agement in Sonoma of ground water in storage would have to 
Valley. The concep of ground water be reduced below the present 79 percent 
basin management in ludes planned use of to create storage space for water 
the ground wate'r ba in yield, storage presently being rejected by the basin. 
space, transmission capability, and water 
in storage. It inc udes (1) protection A 	ground water management program must be 
of natural recharge and use of artificial carefully examined from an economic 
recharge; (2) plann d variation in amount viewpoint to determine costs versus the 
and location of pum ing over time; (3) benefits of increased recharge. Lowered 
use of ground water storage conjunctively ground water tables require increased 
with surface water rom local and pumping lifts and consequently increase 
imported sources; a d (4) protection and energy costs. Lowered water tables may 
planned maintenance of 'ground water also necessitate deepening of shallow 
quality (Peters, 19 0). wells and may result in costly litigation 

by existing shallow-well owners against 
Use of ground water storage conjunctively new and high-use well owners. 
with surface water 's practiced in some 
areas in California where extensive use More ground water could be stored in the 
of ground water has partially dewatered Bennett Mountain area and the northern 
a basin, creating a ditional space to Sonoma Valley if ground water levels were 
store water undergr undo The Santa Clara drawn down further, making more storage 
Basin in Northern C lifornia, for space available. During the 1976-1977 
example, is operate much like a bank drought, ground water levels dropped an 
account. During we periods, excess average of 2 m (7 ft) below normal fall 
surface water is "d posited" -- artifi­ lows, yet returned to normal spring high 
ciallY,recharged to fill the additional levels after only one winter's rains. 
underground storage space. During dry The maximum that basin water levels could 
periods, when there is less surface be drawn down and yet recover in one 
water, ground water is "withdrawn" -­ winter is not known. 
pumped to supplemen available surface 

, water supplies. Certain special characteristics control 
the way that the Bennett Mountain area 

Natural topographic constraints prevent and Sonoma Valley basins can be oper­
the Bennett Mountai area and Sonoma ated. Thes~ special characteristics 
Valley ground water basins from filling are: 
more than the prese t 79 percent indi­
cated by the comput r program TRANSCAP o 	 Continuing sea water intrusion into the 
(Chapter 4). If t basins are more than southern Sonoma Valley study area and 
the 79 percent full indicated by resulting poor quality water. 
TRANSCAP, the addit onal ground water 
begins to "leak out .. along roadcuts and o 	 The relatively thin alluvial fan 
into streams. This spillage of excess deposits that fill each basin. 
water that cannot stored underground 
is a form of rejected recharge. The o 	 The inconsistent water-yielding charac­
Bennett Mountain a and Sonoma Valley teristics of the Sonoma Volcanics which 
basins are therefo in effect, com- . frequently underlie and surround the 
pletely filled at e present time. For alluvial fan depOSits, Glen Ellen Form­
a program similar that in the Santa ation, and Huichica Formation. 
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The possibility of increased sea water for large declines in the ground water 
intrusion seriously restricts the amount level. 
that ground water pumpage can be 
increased in the southern Sonoma Valley In the Glen Ellen area, ground water is 
study area. of limited supply and poor quality. The 

potential for expanded use of ground 
The alluvial fan deposits are the only water from deposits other than the Sonoma 
water-yielding unit in the basin for Volcanics is low; the potential for 
which hydrologic characteristics can be expanded use from Sonoma Volcanics is 
quantified. The Glen Ellen, Huichica, unknown. 
an~ Petaluma Formations are not signifi­
cant producers of ground water. In the Sonoma Valley study area, ground 

water use in the northern half could pos­
The hundreds of metres of Sonoma sibly be expanded. Pumping should not be 
Volcanics which frequently underlie the increased in the southern half near the 
fan deposits and compose the mountainous area presently affected by sea water 
areas contain ground water, but are intrusion. If future ground water qual­
unpredictable in their water-yielding ity sampling indicates increasing intru­
characteristics. If ground water pumping sion, a detailed geohydrologic study 
from alluvial fan deposits were greatly should be conducted to determine the best 
increased, poor quality water might move mitigating measure. A variety of alter­
from water-yielding units in the Sonoma natives should be considered. Pumping 
Volcanics into the fan deposits; there is could be further reduced in the southern 
no way at present to predict the long­ half of the valley. Extensive use of 
term impact of increased pumpage. surface water in southern valley communi­
Likewise, there is no way at present to ties has already reduced the potential 
estimate the volume of ground water for increased sea water intrusion. If 
moving from the Sonoma Volcanics to reduced pumpage is not sufficient or 
recharge fan deposits. feasible, artificial recharge may be 

necessary to stop further sea water 
The amount of ground water that can be intrusion. Recharge, probably by inject­
used in the study area varies depending ing water via specially designed wells, 
on the location. In the main valley of could be done near the affected area; the 
the Bennett Mountain area, present levels recharged water will flush the poorer 
of use can be continued indefinitely, and quality water back toward San Pablo Bay. 
could be increased. Data from the ground The water used for recharge can be 
water level monitoring network imple­ treated waste water if the waste water is 
mented by the Department of Water of better quality than the intrusion­
Resources and the Sonoma County Water affected water it flushes out. 
Agency should be examined periodically 
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Cha ter 8. PROPOSED GROUND WATER 
DATA COLLECTION PROGRAMS 

Additional data on ground water are represent the water level of this ground 
needed to refine estimates of the total water body alone. A few "deep composite" 
water in storage a to define more wells have been selected for areas where 
precisely the hydr logy of the Bennett no other wells are available; these wells 
Mopntain area and Sonoma Valley ground have known construction data and tap 
water basins so th t the ground water ground water from several aquifers or 
resources can be prudently. zones. Water levels in deep composite 

wells can be correlated with water levels 
in other wells of similar depth and 

round Water Levels construction (gravel packed or multiple 
perforations) to determine the effects of 

To accurately eval te the ground water faults and other barriers on the movement 
potential of an ar a, a wide areal dis­ of ground water. 
tribution of groun water level data 
gathered over a 10 period of time is After several years of measurement, data 
necessary. This i formation can be used from the new network should be analyzed 
to determine the 0 erall condition of the to better define basin hydrology, includ­
basin and to defin areas of intense., ing the role of faults in ground water 
increasing, or dec easing ground water movement and the extent of aquifer con­
pumpage. Ground w ter level data can tinuity. After sufficient ground water 
also be used to ev luate the effects of level data have been collected to verify 
geologic structure , such as faults and estimates of total ground water .in stor­
geologic formation , on the movement and age and change in storage, the monitoring 
occurrence of grau d water. Ground water network should be reevaluated. Those 
level maps constru ted from these data wells whose data are no longer necessary 
permit a more accu ate evaluation of should be dropped. 
ground water resou ces. 

At present, 13 weI s in the Bennett Detennination of 
Mountain area and onoma Valley study Annual Amount of Ground Water Recharge 
area are being mon tored by DWR. A new 
network has been i plemented by SCWA and The amount of water that can be extracted 
is being monitored by DWR. The network annually from a ground water basin with­
consists of 12 of e presently monitored out causing adverse effects is the sus­
wells and existing ells at 19 additional tained yield of that basin; it generally 
locations (Figure 15). The 19 additional equals the average volume of water 
locations were sel cted on the basis of recharged annually. Recharge in the 
geology, hydrology, existence of a well Sonoma Valley is the result of rain 
at that location, nd information on the falling on and streams flowing across 
construction of th well. The additional recharge areas. Recharge from rainfall 
wells have constru tion data that are equals the total rainfall minus runoff 
vital in de termini the zone from which and evapotranspiration, and varies from 
ground water is be ng extracted; pres­ year to year. Recharge is greatest on 
ently monitored we Is lacking these data flat, permeable soils, which allow 
have been dropped rom the new network. greater infiltration. At present, data 

are not sufficient to accurately deter­
Wells at the addit onal locations tap a mine the average annual recharge of the 
single aquifer or one, and therefore Sonoma Valley. A program to determine 
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the annual amount of recharge would Determination of 
include measurements of rainfall, Changes in Ground Waler Quality 
streamflow, and soil permeability, and 
estimates of plant evapotranspiration. Additional ground water quality data are 

necessary to update the "extent of sea 
Rainfall is measured by the National water intrusion" map drawn by Kunkel and 
Weather Service in the City of Sonoma. Upson (1960) for the southern Sonoma 
Streamflow in Sonoma Creek is measured Valley. These data should be collected 
by a U. S. Geological Survey gaging sta­ from 5 to 10 shallow wells (less than 
tion at Agua Caliente. Another gaging 60 m or 200 ft deep) of known construc­
station was maintained on Sonoma Creek tion within 3 kilometres (2 miles) of the 
near Kenwood from 1957 to 1973. "extent of sea water intrusion" line 

drawn in 1960 (Figure 13). Monitoring 
Evapotranspiration, while not usually wells should extract water only from 
measured directly, can be estimated by alluvial fan deposits (Plate 1). Water 
measuring evaporation by an accepted samples from these wells should be 
method. The volume of water removed by analyzed in spring and fall for electri­
evapotranspiration can then be estimated cal conductivity. Standard mineral 
by comparing the measured rate of evapo­ analyses should be.taken periodically, 
ration with the rate of evaporation in an such as at 5-year intervals. Changes in 
area where evapotranspiration is known. ground water quality can be monitored and 

corrective measures taken if necessary. 
Very general estimates of soil permeabil­
ity were made by the U. S. Soil Conserva­ Additional water quality sampling should 
tion Service for the Soil Survey of be conducted near the one well known to 
Sonoma County (Miller, 1972). These produce water with nitrates exceeding the 
estimates can be refined by conducting recommended limit of 45 mg/L of nitrate 
permeameter tests on each major soil (5N/5W-18D2) to determine the source and 
type. extent of the contamination. 
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PLATE 1 


R7W ROW 	 GEOLOGY COMPILED FROM THE FOLL OWING SOURCES: 

1. 	 Cardwell. G. T.. 1958 . "Geol ogy and Ground Water in 
Santa Rosa and Peta l uma Valleys". U. S. Geological 
Survey . Water- Supply Paper 1427 . 

2. 	 Ford. R. S.• 1975. "Evaluation of Ground Water Resources: 
Sonoma County . Vo l ume 1: Geologic and Hydrologic Data". 
Californ i a Department of Water Resources . Bulletin 118-4. 

3. 	 Fox. K. F•• et al. 1973. "Preliminary Geologic Map of 
Eastern Sonoma County and Weste rn Napa County, California" , 
San Francisco Bay Region Envi ronment and Resources 
Planning Study: U. S. Geological Survey . Basic Data 
Contribution 56 . 

4. 	 Huffman, M. E., and Armstrong, C. E., 1980. "Geology 
for Pl anning in Sonoma County". California Division of 
Mines and Geology. Special Report 120 . 

5. 	 Si ms . J. D•• et al. 1973. "Preli minary Geologic Map of 
Solano County and Parts of Napa. Contra Costa. Marin. 
and Yolo Counties, California". San Francisco Bay T7NRegion Environment and Resources Planning Study: U. S. 
Geological Survey. Basic Data Contribution 54 . 

R5W 

T6N 

T5N 

EXPLANATION 

SYMBOLS 	 ROCK UNITS . 
o

GEOLOGIC CONTACT .~ ALLUVIUM - sa nd. s/ll, ctay, and grave l; 

>-	 g variab le sp ec ific yield (3-15"')dashed where approxima t ely locate d 
0: 	 "0 

dolled where concealad ::l J: 

ffi 	 ~ ~ BAY MUD - mud, s ilty mud, slit, and ssnd, ri c h In o r ga n ic mallar; 
----~~'*"' .... ~ ~ very low s pecific yield <"<3$)


FAULT 
 T4N 
dashed where approximate ly located 5 ~ r.::-l 

dolled where concealed Qi ~ALLUVIAL FAN DEPOSITS - fine sand,sl lt , silty c l sy, coa r se sand, 

a:: I and g r avel, with g r avel mor e ab u ndant near fan heads; 

x Indicates potentially' active 


: 	 moderate to high spec ific yield (8-'7'1»- .../ IOTga IGLEN ELLEN FORMATION - gravel, sand . alII. and clay; loca ll y Interbedded tuli a 

SYNCLINE ..•.. 
 Includes Hulchlca Forma tion in th e southeast portion, 

of the So n oma ValleYi'ow specillc yi eld (3-7 ... ) showing appro x imate trace of axia l 

surface. dotted whe re co ncea led 

/-24 
STRIKE AND DIP 

01 bedding 

PETALUMA FORMATION - clay a nd It'ha l e wllh minor amounts of sa nd stone; 


l o.w sp ec ific yield (3-7$)

/	 .-- .- . ------.­ SAN PABLO 

HYOROLOGIC DIVIOE 	 NEROLY (7) FORMATIO N -:- t an sa ndstone with casta of marine p e lecypo d s . minor 
BAYt ullaceous sandstone, s hale, and pebb ly sa nd sto ne,

'" 	 low s pec ific yield (3-7"')A <w5 [ I 	 I ~ FRANCISCAN COMPLEX - sa ndstone, sha le, g re e ns t one, che rt, se rpsntlnlte, Inc lu des0:0 
::>< ~ fault-bounded. r o unded serIJs ntlnlteb odlea . ve ry l ow

'i;; appa r en t spec ific yls ld «3%)10 


LINE OF CROSS SECTION 

0: 	 THE RESOURCES AGENCY o 
DEPARTMENT OF WATER RESOURC ES 

CENTRA L DISTRICT 

SCALE 1 : 12 . 1500 

~=-~=i.......£======~ 	 GEOLOGY OF SONOMA VALLEY,... __ .........======~..~~~. MI LES 
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GLOSSARY 


Agglomerate. A pyroclastic volcanic rock containing a predominance of rounded 
to subangul~r fragments greater than 32 mm in diameter. 

Alluvian Fan Veposit. A cone-shaped deposit of alluvium made by a stream 
where it runs out onto a level plain or meets a slower stream. The fans 
generally form where streams issue from mountains upon the lowland. 

Alluvium. A geologic term describing beds of sand, gravel, silt, and clay 
deposited by flowing water during comparatively recent geologic time. 

Anion. A negatively charged ion, e.g., OH-. 

Aquifer. A geologic formation that stores, transmits, and yields significant 
quantities of water to wells and springs. 

Aquifer Continuity. The degree to which ground water stored in one aquifer or 
portion of an aquifer is able to move into another aquifer or portion of an 
aquifer. 

Brackish. Water that is intermediate in salt content between streams and sea 
water; neither fresh nor salty. 

Breccia. A rock made up of highly angular, coarse, broken fragments. 

Cation. A positively charged ion, e.g., H +• 

Chert. A hard, dense siliceous rock of sedimentary origin. 

Clay. A term which denotes either (1) particles, regardless of mineral 
composition, with diameter less than 1/256 mm or (2) a sediment composed 
primarily cf these particles. 

Confined. Refers to ground water under sufficient pressure to rise above the 
aquifer containing it when the aquifer is penetrated by a well. The 
difference between the water level in a well and the top of the aquifer is 
the Hydrostatic Head. Confined ground water is also known as Artesian. 

Conglomerate. A cemented rock containing rounded fragments corresponding in 
size to gravel. The consolidated equivalent of gravel. 

Connate Water. Water entrapped in ·the openings between particles of a 
sedimentary rock at the time the rock was deposited. The water may be 
derived from either ocean water or land water. 

Consolidated. Firm and coherent. 
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GLOSSARY (continued) 


Constant-Rate Pump Test. Test pumping of a water well at a constant rate of 
discharge while the drop in the ground water level (drawdown) is recorded in 
the well or a nearby observation well. The drawdown is plotted versus time 
since pumping began to determine Transmissivity, the rate at which ground 
water will flow through a unit width of the aquifer. 

Continental Deposits. Sedimentary deposits laid down within a general land 
~rea and deposited in lakes or streams or by the wind; nonmarine deposits. 

Diatomite. An earthy deposit composed of nearly pure silica and consisting of 
the shells of microscopic plants called diatoms. 

Dip. The angle at which a planar feature such as a fault or formation is 
inclined from the horizontal. 

Evapotranspiration (ET). That portion of rainfall or water applied to plants 
which is returned to the air through direct evaporation or by transpiration 
of plants. 

Fault. A fracture, or fracture zone, along which there has been displacement 
of the two sides relative to one another. This displacement may be a few 
centimetres or many kilometres. An Active Fault is one which has had 
surface displacement within Holocene time (about the last 11,000 years). 
The inverse of this, that other faults are inactive, is not necessarily 
true. A Potentially Active Fault is one which shows evidence of 
displacement during Quaternary time (last 2 to 3 million years). 

Fault Plane. The more or less planar surface of a fault along which 
dislocation has taken place. 

Fault Trace. The. surface expression of a fault. 

Fault Zone. An area along the trace of a large fault consisting of numerous 
interlacing small faults and/or a confused zone of gouge. 

Fold. A bend in rock strata. An Anticline is an upward fold; it influences 
--ground water by inducing flow away from the fold axis. A Syncline is a 

downward fold; it influences ground water by inducing flow toward the fold 
axis. 

Formation. A geologic term that designates a specific group of beds or strata 
which have been deposited in sequence one above the other and during a 
specific period of geologic time. 

Gouge. Finely abraded material occurring between the walls of a fault, the 
result of grinding movement. 

Gravel. A term which denotes either (1) particles, regardless of mineral 
composition, with diameter greater than 2 mm or (2) unconsolidated sediment 
composed primarily of these particles. Gravel frequently is found as 
lens-shaped units within sandy deposits. 
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Greenstone. In altered basic igneous rock of greenish color due to the 
presence of such minerals as chlorite, hornblende, and epidote. 

Ground Water arrier. A body of material which is impermeable or has only low 
~~p~e~rm~e~a~b~i~l~i~t~~a~n~d~which occurs below the land surface in such a position that 

it impedes he horizontal movement of ground water and consequently causes a 
pronounced ifference in the level of the water table on opposite sides of 
it. 

Ground Water asin. An area underlain by one or more permeable formations 
~~c~a~p~a~b~l'e~o~f~~u~r~n~ishing a substantial supply of acceptable-quality water. 

Usually, th re is little movement of ground water from one basin to 
another. 

Hydraulics. llie aspect of engineering that deals with the flow of water or 
other liqui s. 

Hydrograph. graph showing the changes in the water level in a well with 
respect to ime. 

Hydrology. ~ e science that relates to the distribution and circulation of 
naturally a curring water on and under the earth's surface. 

Igneous. Roc formed from the solidification of molten material, either at 
depth or on the ground surface. 

Infiltration. The flow or movement of water through the soil surface into the 
ground. 

Interbedded. Occurring between beds, or lying in a bed parallel to other beds 
of a differ nt material. 

Intrusive. I neous rock which cools and solidifies below the earth's 
surface. 

Limestone. A sedimentary rock consisting chiefly of calcium carbonate. 

Marine Deposi s. Sedimentary deposits laid down on the floor of the ocean. 

~Ma~t~h~e~m~a~t~i~c~a~l~~o~d=e~l. A computer technique which simulates responses of a 
ground wate basin to changes in recharge and pumping patterns. Used as a 
tool to pre ict future water levels. 

Metamorphic. Rock which has reformed in the solid state in response to 
pronounced hanges of temperature, pressure, and/or chemical environment and 
which takes place below the ground surface. A metamorphic rock originally 
was of a di ferent form; i.e., it originally was igneous or sedimentary. 

Methemoglobin mia. A bluish or purplish discoloration (as of skin) due to 
deficient a ygenation of the blood which can be caused by excessive nitrates 
in drinking water. 
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Milliequivalent. A contraction of "equivalents per million"; the units are 
"milligram equivalents per kilogram" if derived from data expressed ion 
parts-per-million or "milligram equivalents per litre" if derived from data 
expressed in milligrams per litre. In analyses expressed in milliequiva­
lents, unit concentrations of all ions are chemically equivalent. 

Obsidian. Volcanic glass. 

Oxidation. The process of combining with oxygen; rust is a product of 

oxidation. 


Percolation Rate. The rate at which water passes through the fine 
intersticies in ~arth materials. 

Permeability. The ability of a geologic material to transmit fluids such as 
water. The degree of permeability depends on the size and shape of the pore 
space and the extent, size, and shape of their interconnections. 

Potable. Suitable for drinking; said of water and beverages. 

Recharge. Replenishment of ground water by rainfall, streams, and other 
sources. Natural Recharge is that recharge which occurs without assistance 
or enhancement by humans. Artificial Reacharge is that recharge which 
occurs when people deliberately modify the natural recharge pattern to 
increase recharge. . 

Reduction. The process of removing oxygen; the opposite of oxidation. 

Saline. Consisting of or containing salts (minerals), the most common of 

which are potassium, sodium, or magnesium in combination with chloride, 

nitrate, or carbonate. 

Sand. A term which denotes either (1) particles with diameter ranging from 

---r/16 to 2 mm or (2) a sediment composed primarily of these particles. 


Scoria. Material ejected from a volcanic vent. Such material is usually 
vesicular, dark in color, heavy, and has a partly glassy-partly crystalline 
texture. 

Sedimentary. Said of rocks formed from sediments. Includes such rock types 
as sandstone, conglomerate, shale, etc. 

Serpentinite. A rock consisting almost entirely of the mineral serpentine, 

which is the alteration product of several types of ultrabasic rocks. 


, 
Silt. A term which denotes either (1) particles with diameter ranging from 

---r/256 to 1/16 mm or (2) a sediment composed primarily of these particles. 


Soil. The collection of natural earthy materials on the earth's surface, the 
lower limit of which is normally the lower limit of biologic activity. 
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Sor~ing. The egree of similari~y, in respec~ ~o some par~icular 
charac~eris~ c (frequen~ly size), of ~he componen~ par~icles in a mass of 
ma~erial. 

Specific Yield As applied ~o a rock or soil uni~, i~ is ~he ratio of (1) ~he 
volume of wa er which, af~er being sa~ura~ed, will yield by gravity ~o (2) 
i~s own volu e. This ra~io is expressed as a percen~age. 

S~orage Capaci y. The volume of space below ~he land surface ~ha~ can be used 
~o s~ore gro nd wa~er. To~al S~orage Capaci~y is ~he ~o~al volume of space 
~ha~ could rn used ~o s~ore ground wa~er. Available S~orage Capaci~y is 
~ha~ volume f ~he ~o~al s~orage capaci~y ~ha~ does no~ presen~ly con~ain 
ground wa~er and is ~herefore available ~o s~ore recharged wa~er. 

S~ream Gaging. The process by which ~he s~reamflow or discharge can be 
de~ermined b measuremen~ of ~he wa~er level and veloci~y in ~he s~ream. 

Sus~ained Yiel The volume of ground wa~er ~ha~ can be ex~rac~ed annually 
from a groun wa~er basin wi~hou~ causing adverse effec~s. 

Thermal Wa~er. Hot or warm water. 

To~al Dissolve Solids (TDS). The ~o~al quan~i~y of minerals in solu~ion in 
wa~er, expre sed in milligrams per li~re. 

TRANSCAP. A c mpu~er program which de~ermines ~ransmissivi~y and s~orage 
capaci~y usi g specific yield da~a from individual wells. Averaged specific 
yield da~a a e conver~ed ~o ~ransmissivi~ies using equa~ions of a curve 
developed by ~he DWR inves~iga~ion of ~he Livermore and Sunol Valleys (Ford 
and Hills, 1 74). For specific yield values from 3 ~o 10, ~he curve is 
described by ~he equa~ion: 

13.5319 - 7.16288 ]
D • 10 L I SY ~O. 84 


and for spec fic yield values grea~er ~han 9, by ~he equa~ion: 


where!:!. =!:!.D· (I00ISY~500) 

!:!. = incremen~al ~ransmissivi~y 


I 
!:!. = incremen~al dep~h


SY I = absolu~e value for average specific yield for a given 
in~erval. 

Transmissivi~y The ra~e of flow of wa~er ~hrough each vertical s~rip of 
aquifer of u i~ width having a heigh~ equal ~o the ~hickness of ~he aquifer 
and under a mi~ hydraulic gradien~. 

Tuff. A rock omposed of compacted volcanic fragments smaller ~han 4 rom in 
diame~er. 
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Unconformity. A surface of erosion that separates younger strata from older 
rocks; represents a substantial break or gap in the geologic record. 

Usable Storage. That volume of the ground water reservoir capable of 
accepting recharge water. 

Water Table. (1) The upper surface of a zone of saturation except where that 
surface is formed by an impermeable body or (2) locus of points in soil 
water at which the pressure is equal to atmospheric pressure. 

Well Log. A record made by the driller of a water well which lists geologic 
materials encountered during drilling and information on the construction of 
the well (such as casing perforations and sanitary seal). 

Definitions Modified from the Following Sources: 

American Geological Institute, 1976, "Dictionary of Geological Terms". 
Revised Edition. 

California Department of Water Resources, 1975, "California' s Ground Water". 
Bulletin 118. 

Ford, R. S., 1975, "Evaluation of Ground Water Resources: Sonoma County". 
California Department of Water Resources. Bulletin 118-4, Volume 1: 
"Geologic and Hydrologic Data". 

Peters, H. J., 1980, "Ground Water Basins in California". California 
Department of Water Resources. Bulletin 118-80. 
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